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TITLE  OF  PROJECT*  Studies  on  the  epidemiology  and  control  of  filariasls,  with 

particular  reference  to  the  biology  of  the  vector,  Andes  pseudoscu  tel- 
ler! a in  the  South  Pacific* 


Objectives*  To  determine  detailed  effects  of  olimatic  factors  on  the  biol- 
ogy, Including  oviposition,  movement,  and  survival  of,  upon  Aedes 
peeudos cute  11  aria  and  to  compare  it  with  such  closely  related  fonts  as 
the  ubiquitous  Aedes  aegyptl. 

To  ooaplete  the  statistical  analysis  of  the  mass  of  data  accumu- 
lated from  Samoa  bearing  on  the  epidemiology  of  filariasls  in  the 
Pacific* 

SUtMART  OF  RESULTS* 

A*  SINCE  START  OF  CONTRACT*  The  basic  biology  of  the  mosquito  vector 
of  filariasls  in  Samoa  has  been  studied  by  the  use  of  the  colony  established 
in  1950*  The  following  points  appear  to  have  been  established* 

Eggs  are  laid  by  preference  just  above  the  water  line  or  Just  above 

« y*4*««  wvmkwd  aaa6A«4  O mm  ♦Km  Ka ♦ ♦a*>  j P amol  y >1*0  RggE  } ftj  d IhAf) 

one  inoh  above  the  water  and  almost  never  on  the  water  itself*  Above  the 
water,  eggs  are  laid  almost  entirely  in  crevices,  crinkles,  or  craeks* 
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The  fen  ale a will,  for  instance,  pass  19  a oontalner  lined  with  smooth  filter 
paper  and  deposit  all  their  eggs  in  an  adjacent  container  lined  with 
wrinkled  filter  paper*  This  alone  may  account  for  the  preference  in 
nature  for  snail  natural  water  collections  in  the  bush  rattier  than 
similar  collections  in  artificial  containers  around  human  dwellings* 

The  eggs  die  if  dried  immediately  after  being  laid*  However,  if 
they  are  kept  moist  for  21*  hours  so  that  embryo  nation  can  be  Initiated, 
they  will  withstand  drying  for  months  and  continue  developing  normally  when 
thereafter  remoistened*  Optimvsn  temperatui-es  for  survival  and  development 
are  75-30°  F,  Adults  require  an  atmosphere  almost  completely  saturated  with 
moisture* 

Mating  takes  place  primarily  in  the  early  morning  hours  but  egg- 
laying  and  feeding  in  the  air-conditioned  laboratory  takes  place  during 
any  of  the  day  light  hours*  There  is  little  activity  and  no  feeding  in 
the  dark* 

These  studies  have  supplemented  and  substantiated  field  observa- 
tions* These  have  shown  that  the  mosquitoes  feed  primarily  in  the  dense 
bush  in  the  day  time*  There  is  very  little  excursion  into  the  open  and 
mosquitoes  are  found  in  houses  only  rarely  and  then  only  on  overcsst  days* 

B*  DURING  CURRENT  REPORT  PERIOD  1 The  mosquito  vector  in  Samoa  has 
been  known  as  Aedes  pseudoscutellario  and  although  we  have  been  concerned 
about  certain  variations  we  have  seen,  we  have  used  that  name*  Recently, 
Mark  in  London  has  oonduded  that  A*  psoudoscu  tell  arts  is  restricted  to 
Fiji  and  that  a new  speoies,  A*  polynesicnsls,  occurs  in  Samoa  and  other 
islands  where  this  complex  has  been  known*  We  have  reoently  established 
a colony  of  the  Fijian  mosquito  from  eggs  provided  by  Marks  from  her 
London  colony*  IY*  L,  E,  Rozeboom  has  been  comparing  the  tw>  forms*  A 
number  of  doubts  exist  as  to  the  adequacy  of  the  reportod  distinctions* 
Analysis  of  the  microfilaria  prevalence  in  various  elements  of 
the  population  have  revealed  that  the  highest  infection  rates  (35  to  55  *) 
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m fouM  in  th.  .dolt  «l.s  whose  .tmu..  t*.  th.  recurrently  Into 
th.  pl.nt.tion  .ross  «d  into  the  booh  -rees  of  th° 

habitation  in  which  the,  lies.  On  th.  «-  •“* 

p^srlly  in  th.  village  end  have  lea.  ocaaion  to  wo*  or  Md  *•  «" 

plantations  on  boeh  arcs.  heve  lee.  infeotion  than  the  alee.  Thoa.  *— 

.ho  live  in  th.  large  open  village,  have  U to  30  per  cent  infection  and 
those  who  live  in  snail  village,  closely  surrounded  by  th.  dens,  bush  hsve 
?0  to  50  per  cent  infection.  There  is  no  sea  difference  in  th.  infection 
rate,  of  children  but  those  5-9  years  of  age,  both  sales  and  fc*al.s,  who 
live  in  th.  large  open  village,  have  about  seven  per  cent  infection  while 
the  — group,  in  the  snail  bush  villages  have  15-16  per  cent  Infection. 

Thu,  the  analyses  of  th.  nicrofilarla  prevalence  in  the  several  events  of 
the  population,  together  with  a study  of  the  hunan  habits,  appear,  to  confirm 
the  earlier  invasion,  gained  fron  a study  of  the  mosrprlto  habits  and  infec- 
tion rates,  that  tran.i.slon  is  not  domestic  but  occur,  in  a wild  ecological 

niche* 

analysis  of  our  post-treatment  data  suggests  that  sodium  th  0- 
cetarsasiide  (arsenanidc,  caparsolat.  sodima)  in  fifteen  daily  intravenous 
dose,  he,  a good  chance  of  eliminating  th,  infection.  However,  di.thyl- 
carbamasinc  (Hetrasan,  Banocide)  which  is  rapidly  nlcroftlarlcidal  appear, 
to  have  comparatively  little  effect  upon  the  adult  worms.  Microfilaria  begin 
to  reappear  in  the  blood  in  a few  months,  furthermore,  the  rapid  de.tnrctlon 
of  large  ember,  of  microfilariae  may  be  aarodated  with  oiinied  avidano. 

of  protein  shock- 
INS  FOR  THE  FUTUiCt 

n4M  for  the  future  focu.  on  the  compietlon  of  the  analy.es  of  the 
field  data  from  .Samoa  and  the  preparation  of  the  data  for  publication. 

It.  Jachowski  and  a corpsman  wili  make  the  final  rccheck  during  March  and 
April  1953  of  the  villages  under  study  in  Samoa.  Analysis  of  those  dots 
snd  their  publication  will  complete  this  phase  of  the  study. 
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In  the  laboratory  studies  are  continuing  on  the  response  of  the 
vector  mosquitos  to  different  environmental  factors.  A variant  of  the 
mosquito,  not  hitherto  studied  in  the  laboratory  has  stimulated  Increasing 
interest.  This  variant  is  conspicuous  beoauae  it  has  a fussy  larvae. 

Attempts  will  be  made  by  Lt.  Jachowski  to  bring  eggs  of  this  species  to 
Baltimore.  Dr.  L.  E.  Roseboom  plans  cross-breeding  experiments  between 
the  common  Samoan  forms  (Mark's  A.  polynesiensis ) and  the  Fijian  form 
(Mark's  A.  paeu<k>scutellaris)  and,  if  we  can  get  it  established,  the 
Samoan  "fussy  larval  fora"  in  an  attempt  to  establish  the  taxonomy  and 
biological  relationships  of  the  three  forms. 

SPECIAL  MOTE  - AWARD i It  seems  appropriate  to  record  here  that  the  Bailey  K,  Ashford 
Award  was  made  to  Lt.  Leo  A.  Jachowski  by  the  American  Society  of  Tropical 
Medicine  and  Hygiene  at  its  annual  meeting  in  Galveston,  Texas,  November, 
19$2.  This  award  is  given  every  two  years  to  an  American  under  35  years 
of  age  who  has  made  an  outstanding  contribution  to  our  knowledge  in  the 
field  of  Tropical  Medicine  and  Hygiene.  The  award  was  made  to  Lt.  Jachowski 
for  his  contributions  in  the  Studies  on  Filariasis  in  American  Samoa. 

PAPERS  PUBLISHED  OR  IN  PRESS t 

1.  Jachowski,  L.  A.,  Jr.  G.  F.  Otto  and  J.  D.  Wharton. 

1950  Filariasi3  in  American  Samoa.  J.  Parasit.  36  (6,  Sect.  2)«3li< 

2.  Jachowski,  L.  A.,  Jr.,  G.  F.  Otto  and  J.  D.  Wharton. 

1951  Filariasis  in  American  Samoa.  I.  Loss  of  microfilaria  in 
absence  of  continued  reinfection.  Proc*  Helm.  Soc.  Wash.  18  (l)* 

25-28.  (W  005  OU8.08.Ol), 

3.  Jachowski,  L.  A.,  Jr.  and  G.  F,  Otto. 

1952  Filariasis  in  American  Samoa.  II.  Evidence  of  transmission 
outside  of  villages.  Amer.  J.  Trop,  Med.  and  Hyg.  I (U)»662- 
670. 


(i.  Otto,  0.  F,  and  L.  A.  Jachowski,  Jr. 

1952  New  Facts  on  an  Old  Disease.  Research  Reviews,  pp.  20-26. 
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5.  Jacbowki,  L.  A.,  Jr* 

1953  Transmission  of  non-periodic  filariasia  the  South  Pacific. 
Trop.  Med.  and  Hyg.  News,  in  press  (March). 

6.  Otto,  0.  F.,  Lo  A,  Jachowski,  Jr.  and  J.  D.  Wharton. 

1953  Filariasia  in  American  Samoa.  III.  Studies  on  chemotherapy 

against  the  non-periodic  fom  of  Wuchereria  bancrofUi  Amer. 

J.  Trop.  Med.  and  Hyg.,  in  press  (Maroh  or  May). 

7.  Wallis,  Robert  Charles 

1953  Observations  on  opposition  activities  of  two  Andes  .osquitoeo. 
Ann.  Entom.  Soc.  Amer.,  in  pross. 
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for  almost  all  work  with  .radon es,  then,~it  ' sulfites  to  rileasure  transmission 
fwithpolarizaticn  parpaAdicu  Lar  anti  parallel  to  the  pifnn  pf  incidence  only 
and  intermediate  polarizations  will  givo  intsi^aediate  values  for  the  trane- 
misadon.  In  the  few  cases  fcrjvrtilch  this  io’nut  the  caee^  the  result  may 
be  obtained  /rpm  the  curves  of  Figs^or  it  nay  be  measured  experimentally, 
ite  note,  incidentally,  that  graphs  of  Riga* A i - c\^ ....  cover  the  entire 
range  of  physically  possible)  values  of  the  variables,  because  of  the 
synaetry  of  the  equation.  Thus,  if  V.  >1,  the  solution  may  be  obttdned 
by  interchanging  Tj,  and  Tj^w.-.arever  taey  occur,  and  using  %*r  ^ in  place 


independent  o!'  qll  ..brar.c  oeia,  anctr.w  loss  t ailments  of  both 

sjclh  and  jSore  ware  i-mM  tided  in  ctiioutat  5 bn*  wdc!;  was  made  bf  Y.  N*  DoWcer  { 
using  the  procedure  of  Ref  . .!  ? . For  b.Vc  ^lywo be  c sieves  it  wae  considered 
'best  to.  datundiie-v+M  Cvr. starts  for  1 yti «r.:un  fit,  .as  the  materiax.J.5  of  rather 
non-unilpra  ootupoSiti<p;j  unri  cannot  Is  acpurot ely  evaluated  on  the  basis  of 
a sraall  'saicpx^.-  Tiros,  ir.  the  - iper  curve  ’t  f fig.  $ 3 both  fc/gj  ana  ta«6  are 
adjustqQ  _t.o  give ti?4  best  fit,,,  all  d the  yaiua  of  tano  sb  obtained.  Mas  used 
_in  all  oti.-ar  curves  involving  plywocd.  .u or  the  lower  curves  the  reflection 
of  inb  particular  aueets  used  :iad  been  measured  and  was  found  to  give  a .dielec- 
tric Constant  of  2-.T  rattier  -ih^n  the  value  2 found  as  an  average  for  all  tile 
sneets^of  the  upper  oh tve.  Trus  tank  is  tbe -sajpa-on  all  curves  involving  ' 
piyuood:  the  die]  do'lr i c corfaiaht  !<,  the  uare  for’ the  two  sheets  "txbed-in  ~ 

T*\t~ r-bwf-  »?  .ffei'Pnt  -fer  the  group  of  sheets  at  the  top  of  Fig;  $ $ . 

*Thc  %$reenfcnt  is  again  within  -«  fc;.  per— sent  in  all  cades.  Proceeding  now  to 
reflection-measure n*v  t,  •»>„■  no,-  from  t*:«*  cx-ves  of  Fig.  ^ °l  that  there  is  quite. 
g6od  agreement  in  any-lil  wee-.— tneugh'the  * ha  <0  .uoaSurenent,  jjjade  as- described  ' 

- above,  is  not  rti eudariy  a*.  -ei-aboi  - SVe  ^veeretical  curves-  £n  this  case  were — *- — 

computed  from  ir.de;  oncer,  t .acairurernonu  o.  : • ' aremeters , with -no  attempt  to  'fit' 

..  the  data.  Tat  nig . ore  , iv  > a curve--  ,- -f  ••afis.-biwa  versus  core  thickness  for  a 
aandwj  oh  and  a curv®  ol  reft  " r.-o  rentis-  saucing  of  two  sheets.  As  before,  the  — 
theoretical  curvet1 . were  obtained  inaep  sr.  .Ki.vt.Ly  t*r  tne  experiment,-  and  ae  before 


spacing  at_Krbar.d.  In  ♦.  p c caiq  : 1 the  ;->:>./7ocdr  tne  dielectric  constant  was 
adjusted  lor  optiiiis!  fit,  tr.i  1 s .0  v,...  • to  jog  used,  however,  in,  the  curves  for  . 
transmission.  In  t;.e  c:  . 0 of  t*  <-  K-iucid  riune,  .ns  anomalous-  effect  obtained 
witn  the  ?dt "tntrcdi-.CfFi  -r  fr.i ri>  isri'v  error.  vaJjpufc  lo£)»  and  tne  curve 

was  therefore  ncriaaiii$d  Vo  jhe  utiou  r.t  tne  -peik^  k t, ood  fit  is  again  ob- 

tained, if  we  take  account,  o the  r:,.  u?  ,.y  c:  vxintaining  the  spacing  with 
accuracy.,  and  .honce  the  Teflthii"or»  ir.  Lie  >_rns  ia.> :6jx>rtional  to  t^e  reflection 
coefficient,  for  all  values  not*  tco  qyar  .;r,iTt/>^  ,’.1  remark  in  passing- tnat  an  error 
of  0-01"  in  span  i->g -may  lead  to -a  vertical,  deviation  of  about  an  inch  in  these 
curvd^  sc  that  the  experimental  hif/lcuitiee  are  not  aUL  contained  in  the  micro- 
,vwave  measurer-ent  prcceauro*.  diailar  “c-nsidera-tion  accounts  for  much  of  the  error 
in  tti4  upper  jaugyes,  it  is^eiieved;  fer-aittiough  the  wavelength  is  longer,,  there 
i.3  an  added  error  in  that  the  spacing  was  done  v/lth  screws  in  this  case  while 

large  brass  rings  wyra  used  on  spacers  in  the  K-band  curves.  . On  the  vrhole,  however, 

it  is  believed  that'  the  data  of  fi.js . ^ ! plus  that  of  Tables  ^T,  Iff  would  in-  - 

dictate  t^hac,  transmiasi-on  ana  reflection  coefficients  may  be  accurately  measured  in 
free  space,  and  UaVtlie  method  is  beth  consistent  and  reliable  when'  properly  used. 


It  has  been  assumed  hithorto  tnat  tlio  polari7.i>tion  is  either  in  the  plane 
n£  Inti  rkince  or  ^<irpendicule.r  to.  iL._  .«hen  ibis'  te’  noc  tne  case  the  transmitted 
wave  is  elllptically  polarised,  -in  gc-ncrS^  a phenomena  whicr.~was  briefly 
cooalderod  in  RePji,.,  |2>  • It  was- there  shown  that  the  aum  of  the  square# 

of  the  axes  in  thS~eHipse  repraeents  the  power  :in~ the  wave,  and  that  a ' 
plot  of  the  reciprocal  of  the  received  amplitude  versua  tne 
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. TaUtr^ri  - Stfiec^n  >.;.>4ffji:ien.t  3?  Pleodgla#  a« 
' ' ’ lir  -'j-ured  -in  Free  Sj'Aco  at’  S-B&nd 


Antenna  ^ 

Dlwmaiona  Q.-lo 
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. — XSLhayja.  a jiftccnd-rshdck.  tais  ticjrXor  transi!  asion,  *e  compare  the 
results  obtained  on  antu-1  red.r- j by  the  ;.cb::od  of  Fig.  36  V>  with  those 
obtained  by  the  met..od  .of  Fiy  “ 

Table  133  - Tranei-isaica  of  SC-11  Raiomea  by  Two  Method* 


i 


Trar emission  by 
Method  ol’  Fifi.3bO. 
0.77 


Radoms  WnLor 
R&dorao  Hunter 
1 

2 . 

3 • 

4 _ 

. 5-  - 

* — 

2 ' ' ■ 


Maximum  error  • 4*3^;  averagii  error  - 2.4^ 


Transmission  by 
Method  of  Pi*. 3 

67$  7 1 

.91 
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Aa  a third  <hecit  on  the  reliability  of  thp  free  spaqe  method*  we  j^eeait 
the^data  of  Figs.?^-^,  in  which  theoretical  curves  of  reflection  versus 
- — -various;  parameters,  are  compared  witt^  the  eXperinental  value*.  The  Transmission 

curves  of  Figs.  ‘£6  • ^7  air*  computed  from  independent  measurement  of 

the  dielectric  constant  ana  taiclcne*s  of  uhe\dielectric  sheet,  and  th*  agreemmt 
*ia  sufficiently  good  for  moat  practical  applications.  Similarly,  the  theoreti- 
cal curves  for  the  aandrich  at  tne  bottom  of  £i]g.  £ $ was  *ise  ooaputed  fro* 


/ 


T 


,v  *_  ’ 


r 


t 


«rn>ra  ioreflection  measurement,  tnough  the  limit  is  considerably  low 
« ssn  is  tne-eass  for.  transmission  (see  pig. ”7 3 ).  Besides  this  error  sad. 

fee  initial  mlsaat^,  considerable  inaccuracy  rner^mr«IUce<L*By 
» &_fal2lir*  Mople  perpendicular  ltd  the  electrioal  axis'  of  the 

pA J»thfl£^ataU^d  iAfreatigation  of  the  dependence  on  ar^le  «u 

' Part  111  ****•!  far  wr  present  purposes  it  suffices  to  note  i - 

that  the  error  oan.be  estimated  froa  the  'aacofittdry  pattern  of  the  antenna. 
md  decreases  with  antenna^  size*  In  practice,  the  an^e  is  adjusted  by 
; *****  maximizes  Lhq,  reflection^  and.  then  adjusting  6 

^WU  tnax1.Bni!!^ Another  spurge  of  error  is  iatfoduosekby^the 

^^TOoess^fcy  of  measuring  a metal,  sheet,  which  has  been  seen  to  introduce  - 
wawlOTrsffects,  .In  practice,  this  difficulty  is  found  only 
'~T  iz  1^®’ahQr^fr  wavelengths,  and  T,ay  be-a voided  by  using  a standard' sample'  " 

^ reflection  coefficient  .in  piae£_of  the  metal  sheets-'  As  usual, 

* p#'f~®®tion  ■k*  ^be  liiWfcr  each  sheet  is  proportional  to  its  fpdh  space 
reflection  coefficient,  so  ttr£t  the  unknown  reflection  is  readily  obtained 
from  an  experiment  of  this  type,  me  errors  in  Fig, } 6 to  are  similar  to 
those  Just,  described,  as  are  those,  in  Fig.^U  , where  there  is  an  added 
oifTiculty,  however-,  from. direct  reception  bet:  ter.  the  two  antennas. 

. . - -v 

FerhapS-the  most  obvious  met  nod  c a cncciouig  the  accuracy  of  the  or©-  '~"T' 
rea  described* is  torwatp-TC  tfiaoraticii'ul'm  Sas^d  SefTidienti.  a~  : 
ooapariiari  rtiich  is  in  fact  made,  by  measuring  a 'standard*  shBet  of  known 
reflection,  at  the  beginning  and  end  of  ai]  Radiation  Laboratory  production 
tests.  For  more  systematic  investigation,  the  dif iectric  oonstant  pfa 
sheet  ci*  p.laxiglas  was  measured  accurately;-^  the  reflection  coefficient  com- 
puted  by  the  usual  methods.  The.  tiiicknose  ,a#  chosen  near  a quarter  wave,  since 

r*“"tuv‘  -UUr^ecc  (,  tiiic.jieas  1,  zero  for  that  tL™, 
and  thu?,  small  variations  in  thickness  wo. Id  introduce  negligible  error. 

Next,  complete  curves  of  reflection  versus  distance  of  the  type  shown  in 
"■f*  ~ ' - w8re  Qbtain^d  for  the  ploxigla i_sheet  ana  for  a metal  sheet 

with  five  different  antennas,  the  variation  being  fifty  centimeters  in  steps 
1 one  centimeter.  The  average  value,  of  ea  ;1  curve  was  trial  found,  by  * 

integration  with  a planimeter,  for  .the  ran.ps  d “11-10  cno.T- d • 10-20  eas. 

fw0*^rW?er^Vn,  fci^  avera^o  for_  a Given  imerval  and  a given  antenna  with 
-*  “‘•electric  Was  divided  Uy  bnat  obtained  witn  the  metal  ahee^  and>TJ  r 
4 fwwult ^ taken  aa  'the  reflection  coeflicient.  Thus,  each  entry,  in  t^foilow- 
ing  table  involves  twenty  separate  measurements  of  reflection,  and  ought 
fco  give  an  accurate  result  if  no  systematic  errors  are  inherent  in  the 

^^Uoae  **.&•  t-ic  om.. range,  for  which  there 
}**  wifch  ^he  raetal  sheet,  and  two  of  the  40-50  cm.  values, 

for  wfa±4fe,the  reflection  In  the  line  was  too  email  to  be  accurately  manured. 
Propr the  table  it  appears  that  tne  method  it  sufficiently  accurate  for  most 

raent^^gSdi  a0d  **  pa^tlcular  that  if'  -a''T  3 accurate  as  conventional  nwasure- 
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..  IA  fife'  36  b if*  given  a metric*!  thixt  is  gb;.m  tires,  h alpful  aa  a check 
^••jioC;inte»«a,  con sin  tency , and  .u  q..  verify  tiu-.t  tud-nay  .transmission  m a./  be 
7 obtained  from  one-way  m.asu  regents  only.  7rg  Je oceuure  is  to  maasure  the 
^#5n»ction .of.  the' meta,l  sr^et  a^o7-t^/t>f--aheet'-fcg"l&mi.le»  with  due 
4 care  that  t tie  sample  be  d:irv?d , cr  at  an  an^lo,'  ad  t:iat , multiple  re- 

flections between  adrvle  and  k.ect  my  be  neglected.  Except  as  a tiflt 
of  the  theory,  cr  ag_  a temporary  method. far  carrying  out  jaeasu reraants 
— in  limited  "3{^pe^..  the  procedure  of  Fig.  '^>£r  ^5  is  of  course  Inferior  to 
.r  that  of  . - ' • 

v _ 1 

A method  for  obtaining,  refloctlbrrat  incidence  ctner  than  normal  is 
iLlu st rat e d in  Fig.  3£>  d I.  we  adjust’  all-variables  for  .maximum, 


received  power,  firs*  with  a ^‘‘•af'sheet  and  tnen  with  the  sample,  ann  take 
the  ratio  of  the  "tW  re  suits  :cTbe  {.;■?  po  er  ref  lection,  coefficient,  fhaee 
measurement- for  tra  .non  is  si  or.  i~ describe:!  in  Fer.~5”  »•  TO  ffr  enaction  ode 


1 — ' j — v*  ,#  ewweawM  we 

~can  obtain  ap^ruximr.tp  ;oii'<'rinj  _u,«  ^nalfclon  when  the 

metal  sheet  is  in  place  w;.tn  t - it  .jr  t.  he  * sumpl  e in  the  same  position. 
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Fig.  36  Equipment  for  Ueaaurement  in 
Free  Space 

The  sources  of  error  are  likewise  evident  from  the  foregoing  oiacussion;  m 
for  transmission,  .the  transmit tar  must  be  soil iciently  steady  or  else  monitored,® 
and  the  sample  must  be. large  enough  to  obviate  diffraction  around  Its  edgep- 
This  last  effect,,  in  particular,  ban  introAics  large  errors;  transmissions  a a 
large  as *3 00*  have  been  observed  with  samplea-of  suitable  size  and  location. 

The  theory,  Shich  is  the  conventional  Freanel  tneory  of  physical’ optics,  need 
not  be  repeated  here;  in  practice,  the  proper,  size  ia  readily  fpuhd  by  sacplor^ 
ihg  the  beam  with  a.  metal  atrip*  Similarly,  too  small  a sits  introduces 
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^ problem  pf  ! matching  thti-laatfyr<'Tvx  a&r-istirm'e  a Ay  affect 

. analogous  -to  the  erroj-  *.nixcdu-'ed  bj  a uif forunce  In  probe— depth  f oar  * 
t'ranaaisaion.  Stfll .another  niffi-iui^  is  that,  lor  the  multiple  layer 
ra domes  so  freqttentl/  used,.  ‘ vb;y  little . ifjf  oration  la  obtained  by  the 
^tilde  measurement*- e.g. , the]  ;Bra^q^in^'rror  in  trail  spacing  for 
double  nail  samples  caruhlt-4*e -investigated  at  all,  Wnila  for  s&ndwicnes, 
the  preparation  xf  “the  sample'  often  causes  the’  oleins  to  peal  awar  from.  the 
Core^or  other-.i*,*  altor  the  aaniwicn  dimensions,  si mi  1 ar  impro^TOent  in 
accuracy  is  also  found  for  measurement  of  the  phase  cn  transmission,  as 
-we  see  by  Ref,  5*.  ~ 

- The^eneral  tenor  0f“ttr^trr7w'cnv,.ants  ic  that  free  space  meiaareigent  T 
leads  to  results  more  accurate,  for  raoome  work,  than  kan  ^e  foundln  guide- 
..  Sven  if  this  improvement  in  -accuracy  jwure  not  obtained,  however,  the  free 
•space  net  nod  wouIcTsliJl  be*derVr^’.  e ir.  most  cases/  Thus,  because  of  the' 
difficulty  of  preparing ‘Samples , it  11  .found  tnac.  complete  cunra.of  .tana* 
mi  salon  versus  angle  require,  j fifty  to  one -Hundred  times- as  many  man-hour's , 
by  the  wave -guide  procedure,  it  r:~;uirea  in  free  Space-  Because  «tf  thla* 
consumption  of  time,  th'o  pol  l \ "..  r i is.  prohibitive  for  papduction  testing, 
quite  a.-Glrt  from  its  accxracv  Th c le ciai cn~tc  make  measurements  in  free 


space,  then,  not  a hupdazar. 


co;  on  tire  ccsxtrary,  we  are  well 


of  tha„axistence  a;ia  techniques'  <Sf ^ve-giiide  iieaturoaente , and  wF  turn  to  ” ‘ 
\the  free  space  method  only  bcc-xce  of- it?;  de.’torst  rated  superiority  for  the 
problem  at  hand.  — - * 1 

\ ' . ... 

Methods  of  free  o.  vot  .ra.-asure.  t-n  - tire  suggested'  in  Fig.  ’ 3 G , the 
procedure  for  t ran  Jni  as  ion-  being  given  in  3 t>  while- those  .for  reflec-  « 

tion  are  shorn  ii:3_fc  c.  , fre  r.tn  diocuasion  of  harts  IIV  III  above, the 
experimental  manipu?.c.tion,.4  are  cu  h t_e  j 3 apparent;  for  transmission,  one 
may  change  d until  both  a maxL-i  -n  cr-o  niniuvm  i_re  obtained,-  rtiieh-values 
are  then  substituted  in  f 3 )•  TT-i*  equation  is  plotted  in  fig.  . 

•together  with  a nu-iber  of  ct:.er  for  rules  of  sirdlur  character  Tne  curve 

libeled  'transmission  formula,  complete  series 1 is  the  one  in  question; 
the  curve  labeled  'first,  two  terms  of  caries*  represents  the  result  obtalngt= 
by  taking  only  the  first  tre  tonij.  of  toe  geometric  series  foundTby  tne  _ 
multiple-reflection  met.iod  of  deriving  Eq.  ( JL.  )*  From  the  other  curves, 
which  are  self-explanatory.  It”  is  seen'tliat  the  geometric  j»an,  readily  com- 
puted on  a slide  rule,  is  sufficiently  close  to  Eq.  ( 3 ) to  be  used  in  most 
practical  applications.  In  fact,  if  v he  ratio  of  maximum  to  minimum  is  eo 
-large  that  feM?  approximation  is  not  t omissible,:  the  -theory  itself  is  of 
dohbtful  reliability.  , — * 

Turning  now  to  reflection,  we  net e"  that  it  usually  suffices  to  obtain 
two  measurements  with  a quarter  wave  dj. splacement  of  tne  sample,  as  described 
-above,  and  average  the  results.  The  ratio  of  this  average  to  the  corresponding 
quantity  found  with  the  dielectric  replaced  by  a metal  sheet  is  the  desired  — 
reflection  coefficient  R.  In  case  difficulty  is  experienced  in  obtaining  a 
sufficiently  good  match  to  free  space,  the  procedure  of  Ref.  tr"«sybe 
used.  s 

' * / ' • 
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Sines  the_  load  is  o^-ver  exa e 1 1/ . raxi c reduce  the  error' by  ' 
taking  l>oth  maximum  and  mini  aum  rv  a ! ’ r..  Ter  j>rche-#2^;  hut.  |t  oust  be 
emphasized  that  the  is  not  rely  ellr/.aaWed-  by  'this  procedure, 

or  indeed  by&jy  J\aa»,  o r.d'  tfc&bHitie.  load  oust  there- 

fore be- EatoJted  for  t ranped.  a si jn  .''.aj:ur^.imtr  23  wall  as  for  those  of 
reflection.  • . ' 
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Fig-  35  Woe  curement  of  Transsiisaion  >and-- 
. . Reflection  in.  Guide 

~ In'view  'of ,the  equivalence  not  ad  abovc  for  ia^sure.'sehts  in  free  space 
in.  guide,  it  irrelevant  to  inquire  ;.’rot:.sr  frae  space  measurements  are 
necessary  at  all.  Jhie-question  is  .rarticularly  natural  inasaich  as  the 
theory  t or  guide  ;aeas  ireTients  ij  e<hct,  anc  the  reasurff raent  techniques 
ar«f  standard  frccedure.  while  cn  t.  u> -contrary  the  theory  for  free  space  * 
measurement  a is  appro rir.iate,  inu  the  techniques  ara  comparatively  little 
knosti  outside  of  the  few  laboratories  specializing  in  radomes.  Upon  oloser 
examination  it  is  found,  noverthgXJhee  that  njaiy  of  these  advantages  are 
only  apparent,  and  that  frbe.  space  .neasuier^at  is  frequently  far  preferable 
to  measureinent  in  guide.  Besides  the  cbvioua  fact -that  no  informatics  as 
to  the  effect  of.  curvature  ia  found  by  guide  measurements',  tjiere  1s  the 
further  advantage  that  one  obtains  an  •average  determination  ever  the  ehole 
sheet,  of  precisely  the  type  desired  in  radooe  work,  rather "than  a result 
based  only  on  a email  portion  of  Vie  eet.  Many  of  ids— eouroee  of  errdr 
are  automatically  obviated  in  the  free  space  measurement ; there  le  no 
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otJFrwxitiofiT  at  ton  nation  (Part  Til'd bove);'  it  is  /"or  tills  reason  that 
- the  effective  reflection  oust  not  be  assume -^independent  of  position. 

We. remark  in  passing  that  the  press urMin^' cup  Itself  has  negligible 
*f feet  on  th e antenna 4?^  t em*  t he  chargo  being  in  fact  obt  Measurable 
when  t^e  strip  is  interior  to  the  guide.  On  the  otnei^and  the  flange,  _ 
affects  the  natch  only  aii  jhWJf,  ^nsy  "Influence  the  pattern  to  ^ 
considerable  extar.t.  Clearly,.  Che  proper  procedure  is  to  adjust  the 
flange  -for  x>.pt4ipuni,  pntlanM  and  then..  wiih_the  Mange  soldered  in  place,  - 
to  adjust  the  eup  faroptinaua  retch.  . (e:V  • jle f.  10  ) ' - — 

~ .Meaj^gge^t  of  Tran ant salon  and  rfcXljriOtiqft  Goeffjpl«ts~Bef ore 

' considering  th%  prcblea.of  aeasur©r.;anta  in  Xrjee  spacw7~Wb  briefly  disc  use 
— fcho  theoretically  simpler.  problem,  of  mej.Vj:-on*>nt  in  guide.  The  relevance 
of  this  to  the- present  investigation  is  ehownj  in  the  following  result,  which 
was  suggested  by  t ho  plane  wave  resolut-ca  fcjr  the  Tfi  modes  and  whlcn  nay 
be  rigorously  proved  by  ‘r-iVre.'.co  to  the  ujur.dary  conditionei 

--  Given  any  pile  cf  plates,  loeoy  or  not.  in  a uavie-gdXde  propagating 
only  the  fundamental  nohe.  Tho  reflection  ar.u  trananissloo  ooefflclente, 
as  measured  at  normal  incidence  in  guide,  j? ill"  be  the  same  both  in  amplitude 
and  phase  aa  those  found-for.  the  s.ur.*>  pi  le  of-  plates  in  free  space,  at  an 
angle  of  incidence  £ •.sin"'  - If  imc-.iield  In _ the  guide  was  TE,  . the  - - 

equivalence  is  found  for  polarization  perpendicular  to  the  plane  of  inoidonce 
in  free  space;  but  ii  the  field  'iis  Ti£ . the  polarization  for  free  space  mist 
be  parallel.  — — ‘ 


■r  - 1 
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In  particular.-  the  reflection  e.ndtra/:smi_33ion  of  ax\>- jpile  of  plates 
in  a co -axial  line  will  be  the  samo  p.s-J^or  free  s pace. r Unlike  most  of  the 

the  one  just  stated  follows  without 


V 


other  results  givajTin  this  report 

approximation  from  l&UcweUP  3 equations?  The  actual  technique  of  measurement 
is  sufficiently  evident  frooTig.  3>5*  " , though  there  are  a few  ndpor  details 
perhaps  worth  mentioning.  Thus;  in  making  either  reflection  or  .transmission  * 
-measurements,  probe. errors  should  be  eliminated  (cf . Ref.  f as  should 
erfors  from  a_fatlhro  to  have  the  load  matched.  This-latter  error  can  be  ~ *- 
reduced  to  second  -order  terns  by  talcing  an  average  of  two  measurements  with 
^ quarter  wave  displacqwnt  of  t\o  sample;  cr,  in  the  case  of  reflection,  one 
cay  use“'the  procedure  of  Ref,  |J  \ where  accuracies  of  the  order  of  i Q.OOU 
are  consistently  (Attai  ned.  Error  in  .transmission  measurement  Is  due  chiefly 
to  the  difficulty  of  giving  equal  depths  to  the  two  probes,  and  may  be  * . " 
eliminated  in  principle  by  repeating  the  treasure,  non  t with  the  wave  traveling 
.in  the  opposite  direction,  a much  simpler  procedure,  however,  is  merely  to  > ' ' 
note  the  prebe  readings  with  the  empty  line,  and  make  appropriate  corrections  N 
on  subsequent  values  obtained  with  the  sample  in  plac?  For  thfe  ®«ke  of 
ocmplstsness  we  give  the  well-known  relations  for  transmission  coefficient 
and  reflection  coefficient  in  tar.-W  cf  Lha  maximum  and  probe  readings 

as  the  probes  are  ciovsd  down,  the  lino. 


• Vila  for  probe  #2  / >/Um  for  probe  #1 
R " (Vn/m  • 1)-  J (Vfi/ohi)  for  probe  #1 
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computed  on  the  usual  pi soo  *m«?t  basis ; arid  the  phase  of  the  effective 
' • reflection  la  pearly  equ^l  Vo-a-eon  :tant  plus  t he- electrical  distance  tram 

*4t#nna  to  pressucia#r;  Th  e design  proet*<ium  ij  accordingly  "to  nakea 

pressurizing  cup  3imilar  in  shape  to  the  one  dg-TTroifr^but  of  any  material 
that  may ~be  easily  raoJdod  (e.g.f  piexigiaa) . The  position  of  the  chip  le 
- eQ_*iJusted  few-^aihimuTi  reflection,  whereupon  the  effective  reflection 
is  coopted  as  the  difference-  botwgjanr'thc  tv*  I obtained  befpre  and  after  thl 
cup  was  added*  ‘Ihe'f'ofl-edtidr:  conffialwt  ox'  the  material' used  in  this 
trial® up  i*J»mputed  in  tho  ubuai  ;:»iv\er,  and  finally  the  "reflection  coef- 
ficient I necessary  to  achieve  a riat'ch  is  f o:^d  from  tna  proportion 


desired  reflection  ccef f 'cl-nt  R 
actual  refaction  coefHciart  X 


reflect  ion  £ro^/ahtenna  alone 
sf fuctlva  reflection  of  pressurlzer 


Once  this  desired  reflection  coefficient  nas  'JieA  found,  tile  thickness  of  * 
the  final  pressurising  :up,  ’.hich  no'ed  r*,-.  be  of  the  same  material  aa  the 
. trial  cup  used  in-bhc  experiment,  *mxy  bu  competed  by  the  us’xai  method®.  For 
completeness  a set  cf-  curves  of  ref  iecticn  vorbus  thickness  are  included  here 
' (Fig.  $3  ). 

- • In  the  situation  of  Pig.  31c,  tho  method  must  be  modified  in  that  co*/ 
cannot  adJvH  .tU.s  Ipoitisn’  (i.a. t t‘n:  c»f-tho  cup  for  minimum  reflec- 

tion. The  procedure  r.or  is  to' rako  t ■'!*.,  cx*p  n~fr  the  required  sice  use 
the  effective  reflection  in  (#fr‘nrit:.c -it  sc J u s t fog  -for  minixnt^i.  and  compute 
"the  new _ radius  in  accoa’danco  v 1M;  t:  c principle  noted  .'hover  This  done,  a _ 
second  trial  cup; may  be  made  v:th  the  new  radius  and  reflection  coefficient* 
and  the  tfiole  process  repeated. . A single  repetition  .of  this  type,,  which  indeed 
, ie  not  always  necessary  in  the-f^st  ,-lace,  practically  invariabiy^-leads  to. 
near-optimum  design.  The  necessity  for  repetition  is- due  to  the  Act  that  the 
Effective  reflection  depends  in  general^  on  tits  position  or  size  of  the  cup 
is  well  as  on  it s«*ef lection  coefficient f^SKhthus;  if  the  effective  reflec- 
tion equals  the  mismatch  du%to  the  antenna  for  one  position,  tills  equality  1 
will  not  be  exactly  preserved  when  ttie  petition  is  adjusted,  for' minimum. 

i ' \ 

Turning  new  fcfl.  the  question  uf  tolerance;  »;e.not>e  tljat  the 'tolerance 
in  position  will  be  larger,  while  that  in  .tnicknese  *iill  be  slightly  yd  1 er; 
in  the  situation  of  Fig.^!0-  than  in  that  of  . The*Toiemnces  in  both 

casw®  are  sufficiently  large,  it  turns  out,  to  lead  to '/only  slight  manufactur- 
ing difficulty;  and  hence  tbs  frequency  sensitivity^  which  was  discussed  above, 
should  usually  bs  given  Ui.e  more  weight  in  deciding  between  the  two  construc- 
tions. - For  quantitative  investigation,  let  us  qote  that  the  affective  reflec- 
tion may  be  assuasd  independent  of  position  or  size;  and  indeed  independent 


ox  -mvexengui,  ovor  xrra  araauu  varj.aLi.on  encountered  in  questions  -of  tolerance 
or  frequency  sensitivity.  V/lth  this- assumption  one  readily  obtains 


2a  \ ain(2ndA.)t^ 
(d*  exv, oY  )v^o  M VjVVtj 


- (ih  general)  * . . 

(optimum  effective  reflection,) 


ot  .sign  is  If  ary  simple,  as  iheorstiniX  f ormuj>c.£  are  available  for  "* 

^•_.ref lectton  of  a dielectric  sheet  irT gui  db  and  far  the  rofMoCtciR~‘veraua 
spacing  of  «jy  two  objrote  in  a line  permitting  only  one  iaade  of  propagation 
(Refs*  " , (i-  ) • It  suffices,  trvirol'or^,  to  .rant-ira  the  mismatch  cf . thp 
antenna  alone  and  to*$yust  the  tnickneje-oi  the  dielectric  for  this  **m 
reflection:,  an  adjustment  which  is  readily  made,  by  the  curves  of  Ref*  . 

If  the  dielectric  ie  lossless,/  there  axiatj  a position  of  the  strip  in  guide 
for  which  .the  oonbinad  reflection  of  strip  ana  antenna  will  be  exactly  equal 
to  x9TOy/  This  position  may  be  predicted  ip  .advance  from  a measurement  of  the 
'*‘7  ***•  niamatch  due  to  antenna  rlono.  or -found  by  trial  and  erf»r.  The  lat- 


. . y l*”'*  ~A*^#e  IJ1W  lAf 

**  ueually  tr>e  acre  r^plvi;  In  practice,  ana  the  Is  thirtfcrl 

not  discussed  here  (see  Ref.  3 ). 

► - w^yjr  Q(JQ£  Qfi 
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Figs  ..31  Methodsctf  Pressurizing  x 
ThO-foregolpg  procedure  is  .exact  in  the  aeioe  that  it  follows /Without 

»» es  . ...  . . ...  / 


. . . " —v  a svwm/  waum/ww 

approximation  from  Maxwell' a equations,  and  the  problem  of  a strip  inside 

the-line  ie  therefore  believed  to  be  completely  jolved.  s?urfting/now  to  

^he  situations  of  Fig.  31b. c.  we  find  that  en  exact  solution  of  this  sort  is 
almost  impossible  to  cbtaia;  and  in  «rjy_,case^it  would  doubtieas  be  too  cce^li- 
catsd  for  use  In  practice.  The^itusfcior.s  of  Fig."  31b, c must  nevertheless  be 
investigated,  ae  they  are  in  several  respects  superior  to  that  of  Fig*  . 31a } in 
■particular,  the  power  carrying  capacity  is  evidently  greater  and  the  frequency  -/ 
, •««itivity  i»  in  general  decreased.  This  latter  statement,  which  is  true  only 
/or  wave-guides  as  opposed  to  co-axial  lines,  is  indicated  theoretically  by  the 
fact  that  the  derivative  of  guide  wavelength  is  greater  than  that  of  free  epace 

- faveleogth  whenever  >wC<oojvand  it  has  been  vcj.i'ied  experimentally  am  several - 

occasions.  Since’the  situations  of  Fig.  31b.  c cbt  frmjuentljr-supefioivaf  we 
have  Just  noted,  investigation  of  soewusert  is  clearly  desirable.  To  this  end  ~ 
we  introduce  the  notion  n£_J  effective.  -reflection*,  ctof lned  as  the  difference  ’ • 
between  the  coop  lex  reflection  of  antenna  alone  and  that-noted  when  both  tn^. 
and  pressurlalng  device  are  present  fcf*  Eo,  Tb  and  Fig.  -||  ).  The  effective 

ref lectio  then  represents  that  part  of  the  observed  al'ematch  .which  is  due  to  the 
prsssurlflng  device  itself.  To  obtain  a match ^it  evidently  Suffices  first,  that 
.-the  -affective  reflection  be  equal  in  nsgnifeude  to  that  of  the  ant-etfta  alone t "and 
second,  t.het  it  be  directly  opposite  in  phase.  The  utility  of  thle-notidd  dJ 
effective  reflocUon,  which  i«  also  helpful  1*  worit  with  r*domss,  rests  upon  tbs 
following  empirical  cbeervationa:  For  a given  position  of  the  pressurising  device 
:-the  effective  reflection  Is  very  nearly  proportional  to  its  reflection  coefficient' 

■ f • %. 


- : 


^9**  surfaces  consisting  ol"  A ,slnglo~  siioet  is  shown  theoretically  by  the 
rtltiiw  -lnaiMitiTib)!  of.  both  ref  lection  and  transmission  coefficients 

— to  angle  of  incidence  jet  incidence  near  normai  -^ef-.  Cf  } ; and  it  has 

' *bPtfl"Tfpeatedljr  Tariffed  experimentally*-  for  surfaces  consisting  of  1_ 

lajrera  of  shedta.  <->o  the.cfcht^r*  hand,  tt|e  question  perhaps  re- 

i" ' PMlJ'ea  further  investigation,  which  w4- -present_here;  -Tnr  the  first  place, 
if  the  first  derivatiVe-of  the- reflection  or  transniiasioo  with  respect  to 
• exists  at  all,  eh  so  0 *"  0,  than  it  be-aqual_  tq  s*ro  at  that  point* 

This^  result, which  follows  rigorously  from  the  obrious  ^ict  that  the  coeffl- 
oienta  hevejtije  mob  value  for  positive  as  for  negative  values  of0,Wiows 
that  aqy  deviation  from  ths  noraal  incidence  Value.  will  neoeesarliy  be  of 
the  order  of  8 * when  0 is.  small,  if  the  function  admits  a Taylor  s shies 
fKpansion  about  the  origin.  It  was  proved  in  Ref.  3 » however,  that 

both  the  reflection  and  the  transmission  coefficients  of  any  pile  of  plates 
ara~anaiytio  runetions  of  all  the  variables  concerned}  end  hence  ths  absolute 
Talus#',  though  of  oourse  not  analytic,  will' have  derivatives  of  all  orders 

— la  th«  real-variable  was®,  at  evoiy  point- for  which -the  function  is  not" 

»«ro.  It  follows  thatjpbove  conditlone  of  thj  exist  bn  os.  of  the  first  derivs- 
tive  and  of  a-Teylori  s aeries  axpansdron  are  indeed  satisfied  by  a ay  pile  of  • 
plates  at  any  point  for  which  thbcobf. fie  lent  in  (question  is  not  zero  j and 
we  thus  conclude,  finally,  that  tlie  change  in  reflection  for  snail  deviations 

-----  trom  noraal  incidence  will  be-  proper  bioaa3,,td  the  square  of  this  deviation 
In  practically  all  cases.  There  is  evefy  reaadh  to  believe,  incidentally,  N 
that  the  same  result  la  true  whex^  the' coefficient  is.  aero,  as  lirlttrt  has  been 
proved  for  single  wall  (Ref.  ^ ); double  wall  and  sandwich  constructions}  but — 

a rigorous  proof  in  general  seems  hardly  worthwhile  for  the  present  disoussion. 

« 

' Itoen  combined  with  the  fact  previously  established,  that  reflection  at 
angles  appreciably  different  from  aero  doea-oot  enter  the  line,  the  result  1 
just  obtained  suggests  strongly  that  reflection  in  ths  line  for  a curved  * 
surface  will  be  nearly  proportional  to  its  reflection  coefficient  regarded  as 
a plane  sheet,  even  when  the  surface  consists  oj  nultiple.  layers.  Proceeding 
now  to  the  question  of  experimental  verification,  we  note  that  the  error  due 
. -to^  curvature  should  increase  as  the  thickness  of  the  surface'  grows  larger  in 
_ooapartbcn  to  its  radius}  and  hence  the  is^jdaiA  arrot  likely  to  occur  1 n prvtf= 
ties  will  be  found  for  fairly  small  antennae  at  S -band  with  surfaces- of  "nvIffH 
overall  thickness.  Ah  experiment  was  accordingly  set  up  as  in  Fig.  30a,  where 
we  use  double-wall  construction  as  an  example  of  a multiple  layer  surface  partly 
beoause  of  the  ease  of  changing  its  reflection,  and  partly  because  J.t  leads  to 
a greater  overall  thickness  in  practice  than  is  usually  found  with  g&ndwiehee. 
The  experimental  procedure  was  to  take  a curve  of  measured  reflection  versus 
separation  in  the  usual  oaonar,.  whereupon,  the  theoretical  reflection  versus 
~ spacing  was -computed,  frees  Independent-  datsrciinaticn  of  the  thickness  end 
dieleotric  constants  of  the  individual  sheets,  for  the  leirolled  (plane)  ~ sheets 
at  noraal  incidence.  Upon  choosing  the  beet  constant  for  ths 
we  obtained  the  f it  Aown  la  Fig.  30b,  *iich  1^  wsOT wlthla  ^he  experimental 
error._ 
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for-WurfAcee  coo  slating- of  a single  sheet  is  shown  theoretically  by  ~tha 
relative  1/ieenai  tl  vl  ty~  ofl:  o t h reflection  and -transmission  coefficlmts  " — 
to^nglb  of /incidence  at  incidence near.  norra^x  “(Ref  . ^ ) »-e«iq  it-has-^-  ■*  - 
'l«MU  repeated!^  veri/led  experimentally,  ^or  surTacee-c-oo elating  of 
“ .several  layer??,  of  sheets,  on  th*e  other  hand*  the  question  perhaps  re-  ^ 

further  investigation,  rtiTch  wo  preaaiiFT^w^.  in  the  f irat  piafe^ 
if  the  first  derivative  of  l}ie  ^flection  or  transmission  with  respect  to 
0 exists  at  all,  when  0 * 0,  than  it  aunt  be  equal  to  aero  at  thatipoint, 

V This  result,  which  follows  clkiroualy  from  the  obvious  feet  that  the  coeffi- 
cients have  tho  same  vilua  for  positive  as  for  negative  values  of  0 Sion 
that  any  deviation  from  the  normal  incidence  value  will  necessarily  be  of 
the  order  of  0 , when  04*  snail,  ..If  the  function  admits^ a. Jay  lor  swl<l'.'''::f' 
expansion  ab&lt  the  crigin, . It  was  prove^LJxi  Ref.  3 ",  however,  that 

both  the  reflection  and  the  tranaaisdo n oo  efficient#  of  aiy  pile  of  plates 
are-  ana  lytio.fi  motions  of  all  the  variables.  concerned  ; and  hence  the  absolute 
values,  -though  of  course  not'  analytic,  wiliTJa^  derivatives  of  all  orders 
in.  the  reel-variable  agnse,  at  ovozy  point  for  which  the 'function  it  not 
eero.  It  follows  t ha i^bove  conditions  of  the  *xiatenoe  of  the  first  deriva- 
tive and  of  a Taylor*  a series  oxpanaion  are  indeed  satisfied  ty  any  pile  of 
plates,  at  any  point  for  which  the  coef  ficient  in  question  is  not  j&erof  and 
w*  thus  conclude,  finally,  that  the  change  in  reflection  for  —H'Mwtll 
/■from  aorwtl-lqci donee  will  be  pTv*p/rtiv(itl  to  tho  square  -of  this  dnitUi_ 

In  iractlqiilly  all  cases.  There  is  every  reasdn  to  ball  eve,  incidentally, 
that  the  same  r etui t is  true  when  the  coefficient  is  aero,  as  indeed  has  been 
proved  for  single  wall  (Ref.  ^ ); double  wall  and  sandwich  constructions;  but 
a rigorous  proof  in  general  seszna  hardly  worthwhile  for  the  present  discussion. 

When  combined  with  the  Tact  previously  established,  that  reflection  at 
angles  appreciably  different  from  aero  <1  oe3  not  enter  the  line,  the  result 
just  obtained  suggests  strongly  that  reflection  in  the  line  for  a curved 
surface  will  be  nearly  proportional  to  its  reflection  coefficient  regarded  as 
a plane  sheet,  even  when  the  surface- consists  of  nultiple  layers.  Proceeding, 
now  to  the  question  of  experimental  verification,  we  note  that  the  error  due 
to  curvature  should  increase  as  the  thickness  of  the  surface  grows  larger  in 
ooaparleon  to  Its  radius;  and  hence  the  mudiaua  error  likely  to  oocur  In  prac- 
tice will  be  found  for  fairly  small  antennas  at  3 -band  with  surfaces  of  amxlmia 
overall  thickness.  An  experiment  was  accordingly  set  up  aa  in  Fig.  30a,  where 
we  use  double -wall  construction  as  an  example  of  a multiple  layer  surface  partly 
bet  men  oT  the  ease  of  changing  its  reflection,  pad  partly  because  it  leads  to 
a greater  overall  thickness  in  practice  than  is  iuUally  found  with  sandwiches. 
The  experimental  procedure  was  to  take  a curve  of  measured  reflection  ftrafl 
separation  JLq  the  usual  manner,  hereupon,  the  theoretical  reflection  venue 
spacing  was  computed,  from  independent  determination  of  the  thickness  and 
’ dielectric  constants  cf  the  individual  sheets,  for  the  unrolled  (plane)  rfieets 
at  normal  incidanoe.  Upon  -choosing  .the  beet-constant  for  the  proportionality, 
we^obtained  the  fit  shown  in  Wg.  30b,  yhich  is  wall  Within  thesxperlaegtal 
error,  — -•  — — — - 


l 
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■ l.sf3,ection  phenoienr.<  7n  pflrt.lcu.ie**,-  the:;.*  ia-no^zneaaurabie  increase  of 
] 3«fer  as  _tne.  .antenna  passes  tr.rougi  the. -focal  point'  of  the  spherical  portion 
~Tf  a radopte}  as  itjj  the  ca^o  for  the  cylindrical- Surfaces  discussed  above,  * '* 

Re  reflection  la  prac tlcaliy  lnde^anueat- vof  dl#t3A£e  over  the  range  which 

< nrit  concerned  in  redcap  Vrcek a, in  atuoiice  Cl  & focussing"  effect  la-toe 

• k^°*  ia  d)*e=«gj|rMibt-to  the  .Icx.-sah  v' u.vity  or  the  ant  enna  ba"ck  - lobe ; t h at 
-soma  jwwer  its  actually  focussed  fa  s; a ;o  has  been  veril'i«d~by  a ssnll  exploring 
antenna,  and  by  c^rtarai  detrinontal  effects  noted  for  t^Atrue _$nteona  pattern 
(See  Ref.  j ).  T/e  remark  in  passing’  that  the  data  o?  Fig.~2  a|  were  taksri 
with  causi^firably  less  care  than  that  used  for  most  of  the  results  hitherto 
described?  in  particular^  the  voltmeter  ras  read'Wlth  the  unaided  eye-  rattier."* 
than  with  the  &x  nagrirtS^foji  eislswfcere  employed.  . -Because  of  the  large  ' r 
c unbar  of  redpaec  ..este.l,  sspec^u,]  ^y  cCviiuiat-e  measurement  is  qu4  tw  pg] } 

nor  ie.it ..necessary  in  view  df  the  fairly  lur^e  manufacturing  tolerances  and  of  * 

tha  n.fhaa  nn.nt4>.,<  1 ».  i.  . 
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- ' VU,y  P.9  Typical -Gurves  of  Cooplox  Reflect  ice 

. Versus  Distance  with  Actual  Radomas 

V We  have  briefly  noted  two  questions  not  eotpHcitly^oopsidered  in  the 
theoretical  discussion  of  Farts  n -IV  aboVe,  vix.,  whether  certain  of  the 
• reeultA  can  be  'extrapolated  to  verjL  Jirge  antemias*  and  whether  the  presence 
of  ooopound  curvature  introduces  any  noteworthy"  phenooea.  One  other  question 
encountered  hi  the  ipplioatjco  of  theory  to.  actual  rodones.  concerns  ~o%r\ 
assuaptlon  that  the  measured  Reflection,  (or  more  properly  the  'effeotiv^. 
reflection*  in  t,he  sons#  used  below)  is  very  nearly  proportional  to  the  ' 
reflection  coefficient  ol^the  surfaoe^whlch  cpefficieht^ls  to  be  counted 
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By  flq..  (57.1,  the  J»ulUng->p(e)  is  found  to  be 


tnv»  > h«  nnYrtft  -i 

• s e w*  vitw  iwiuip  J 

patt/smlT  (8)[  2-2.25P  te-+ 
Ms*  § .)•  It  Wa  Ito 

the  rotation  is  about  an 


gecialcaae  as  that  considered  above,  the .Apparent 
)]  «hen  2.2$P(#-y )?}.  unchanged  when2.25P(e-f)2ll  » 


>•  It  was  fount}  experimentally  that  the  pt^ase  is  cans tan t~wnen 
the  rotation  is  about  an^djtis  through  the  cylinder,  rather  than -through  the 
vertex  of  the  antenna;*  and  therefore,  tho  discussion  of  phase  given  above 
in  connection  with  the  strip  above  is  valid  fir  this  ease  also,  with  the 
seme  airror  tem  a(se$*KU*  - * — . Z vw 


It  must  be  emphasized  that  tho  effect  Just'  described  for  the -apparent 
pattern  is  q ults  distinct  f re®  the  change  in  actual  pattern,  which  of  courfe._ 
any  also  he  affect ed*by  the  radooe.  In  the  present  discussion,  the  true 


and  even  in  this  case,  it. was  found  that  signal  strength  versus  angle,  the 
apparent  pattern,  would  be'  greatly  Taodif led.  To  tnis  modification  oust  be 

added- that  in  the.  true  pattern,-  though  it  ia  not  conaideredXn  the  presant 
report.  It  is  worth  noting,  however,,  that  the  presence  of  ZKe  overlap,  ltiich 
produced  only  alight,  change  in  apparent  pattern  by  pulling,  may  often  produce 
a large  change  in  the  true  antenna  pattern  by  diffraction  effects*  On  the 
'other  hand*  the  uniform  dome  leads  to  only  minor  modification  of  the  true 
pattern,  in  general,  whereas  its  efPect  "«t  the -apparent- pat.tsfrnr-'^S*  to ' “ ^ 
pulling,  was  quite  appreciable  (Fig.  ). 

• 4 ♦ * 

Similar  methods^allow  co'aputaticn  of  the  change  in  apparent  cross-pver 
point  due  to- pulling  .for  lobe-svd-tching  or  gun-laying  systems  (Fig.  2$  a •). 


■ The  general  procedure  is  tef  compute  the  pattern  .lor  each  Lobe  in- the  same 
manner  as  for  the  single  lobe  in  tho  above  camples.  A/ith  narrow  beome,  however, - 
_ the  procedure  any  be  considerably  simplified  in  that  one  may  -then- take  the 
4 pul  ling  as*  being  more  or  less  independent  of  angle  in-a  given  lobe,  which  is 
mdrely  reduced  by  a constant  , factor.  This  simplified  procedure  is  frequently 
applicable  in  practice,  with  the  result  that  the  estiaatioe-of  apparent- cross- 
over for  systems  of  the  type  shorn  in  Fig.  2 ?d  often  simpler  than  finding 
the  apparent  pattern  in  ordinary  systems. 

In  applying  the  above  theory  to  radomes,  it  ii  desirable  to  have  direct 
verification  that  the  phenomena  are  essentially  the  ’same  in  practioe  as  in  tftw 
ideal  cases  here  considered. ~ We  therefore  present  the  data  of  Fig.  29,  Wiich 
ia  representative  of  the  touch  large  background  of  data  on  *scttlKl~xvasB*s  that  — 
has  been  obtained  by  the  author  add  others  in  the  Radiation  Laboratory. 

Fig.  25b  shews  a plot  of  complex  reflection  versus  distance  for  a cylindrical  - 
— radoms,  the  distance  extending  over  a range  cuff ic lent  oo  give  several  revolu- 
- tioae  of  the  completed  eurire.  That  the  salient  features  of  the  above  discussion 
are  valid  for  very  large  radodee  is  illustrated  in  Fig.  29b  where  a duHif 
curve  ii  'given  for  a radome  over  ten  feet  high*  This  fadome  was  not  oyliad- 
deal, -but  hafi^ oonai dhrablg. £ y£^Uire_ ln  .bpth  directions,  as  dotes  that  of 
>ig.  29s;  and  It  appears  that  such" oompound  curvature  introduces  no  unusual 
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-the -antenna,  BqS. 


iiil7_read  to 


p(8)  - » 2,5  FRq[l-tan^(0-y)j 


for  the  pulling  as  a function  of  scdn  angle  0,  with  'f'.'  as  the  fixed  an^*| 
between  the  direction  of  the  overlap  and  that  of  ^ie -target  (Fig.3-$b)» 

It  has  been  assumed  that  the  c^tours  on  the  Rieka  -dtlagx&m  are  ‘yyin>1y 

spaced  and  that  the  complex  reflection  moves  perpendicular  to  these  cm*. 

toure.  this  latter  condition  ia  afc.tieXi*d,  or  will  be  -fatiafied  for 
certain  Values  of  tke^dlstance  to  %]Te  overlap^  if  the  ptiase  is  constant 
as  the  angle  is  changed.  Experimentally  we  found  above,  -hiowever^  that 
the  phase  i a constant  if  q*  is_ changed,  Instead  of  0;.and  the  error  la 
a (ssc$-l)  in  the  case  gaumed  here.  - This  errOFF^hichJis  not  alway«~  ( 
negligible,  will  fcfcume  toe  impedance  to  move  in  a spiral  on  the  Risks 
diagram,  instead  of  a. straight  line;  and  the- resulting  deviation  in  appar- 
- ant  beam  shape  will  be  less  than  fch  Vindicated  by  the  present  formlae 
at  most-points,  equal' to  it  twice  in  every  *tprn  of  the  spiral.  In  ether 
words,  as  the  quantity  a(co30-l)  takes  th«~ values  (constant  -plus  0, 
njki  3K/&( . • ^the  deviation  will  bo  the  above  value,  then  zero,  then  the 
above  value,  then  zero,  etc,-  The  cvfnge  in  beam, shape  is  found  by  s\I»t 
atituting -fer-p(0)  in  the  rotation  found  in-theiiirst  part  of  this  discussion 

— • - For. example,  we  nay- take  the-band  wiath  B as  2 acy"''tire>'distaxice  Q -as — 

2 no. , the  pulling  “figure  of  the  magnetron' aa  12  mo.,  th^  refraction  ooeffi- 
'-dent  R as  0.30,  the  strip  width  r.s  3",  cad  the  IShtenna  ra^ius  a as  17"T Z_Xhea e 
.^values  lead  to  1.35  — r^l-tan* (©-<)]* for  the  pulling  p(0),  do  thnj.  the  « 
apparent  pattern  is  P(0)  when  p(6j<l  end  it  13  F(0)^2-r.35  < 

when  p(0)*^l>  At  $-band,  the  secondary  pattern  of  a 2*»"  paraboloid  can  be  ^ 
fittid  within  a few  per  cent  to  the  curve  exp (-0,02 50*)  over  .the  first  ' — 

20db,  and  thJb  value  for  . (?)  is -taken  in  the  curves  of  Fig,  $j  • ■ ' ' ^ 
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Pig.  28'  Variables  for  Apparent  Pat  tare 
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a uniform  dome,  without  overlaps,  when  the  scan  is  in  slaveries!  (Fig.  28c). 
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Thus,  t he*  true  rat  torn'  io  obtained  by.  taking  received  power  vervu 

antenna 'position,  wicreas  the  apt arrr.t / pir.tlem  would  be^  determined,  in  - r '•  y 

• principle  by-Wan.’cir.g  all  out on::  ai^i.al  off  t.na  scope,  and  using  a photo- 
electric cell  t<o  Tjsisure  the  intensity  of  this.  one  signal  as  the  scanner  ^osi^ 
tion  in  changed,  Tt  is  ol<y-.r  that  ona  ! j raally  eonoemed  with  tnis  apparent 

• pattern,  ratner  than  w.'  tr.-Ur«o  tru.i  pattern.  fn  radar  systems; 'and  it  is  likewise 

•dajt-tQ  sec  that  tko  apparent  • a-tom  will  depend  cn  tne  nagnetron  pulling  / 
.^•Ooyer  this  vsilae  with  an? eruvi— position. 

- ( For  quantitative  inv^stigaticr.  i.t-t  uj  note  that  the  signal  is  proportional 
to  the  output  of  tne  IF  r^cri\ui-.  vni«U  o;£*p,ut  hai  approximately  the  font  shown 
in  Flg>2$&>  as  a function  of  f rj^nency,  Thhs.  the  normalised  signal' is  1 if 
the  pulling  is  lesv  than  ?/2.  and  1*-  is  (Q.  •?)/  fQ-B/2)'  if  the  pulling  is 
greater- than  B/2.  Suppose  tr^at  .cue  aecondary  pattern  of  the  dish  is  F(6)  and* 
that  the  pulling,  as  a function  of  angle,  is  p„(6).  'f’he^apparent  pattern,  that 
is,  the  signal  strength  versus  angle,  will  then  be  Pfe)  wh«o  p(e)<B/2  and*''^, 

P (0 ) [0-p (8 )1  i (Q-B/24  Mien  p(0{>a/^r-  ..hen^o  charaet&rl  sties  of  the  TF  M.pH. 
fier,  IT and  Q,  are  knownj-and  tne  pulling  versus  on^fe. of  scan  is  also  known, 
we  can  prediot  bhe  apparent  boaiu  shape  as  givsn  by  eignaTetrength  versus  angle 
dn  teraw  of  the  true  bS&m  jhape  a„  ..lven  by  thtT^edondary  patternl  ~ - 

As  an  example  of  tne  procodure,  we  may  estimate  the  apparent  pattern 
•.^oted  when  one  has  an  overlap  in  a radooe  of  otherwise  negligible  reflection 
(or,  more  generally,  in  a radooe  which  is  otherwise  uniform) . Tf  we  take '-the  1- 
distance  to  tna- overlap  as  being  epproximately  equal  "to  the  radius  of  . 


•*»* 


Fig.  26,  Sp5.nner  C ff  Center 


rotation  about  an  axis  through  the  cylinder,  plus  a-translaticn  away  fro* 
the  antenna;  and  both  these  situations  have  been  considered  in  seme  detail  . . 

above,  e aa^plitude^whicn  has  been  shown  to  be  Substantially  independent 
of  distance,  is  given  tgr  C>?)j  and  on  the'  oth'e'rvnand  the  phase, ’which  is 
independent  of  angle  for  the  first  choice  of  axis,  is  given  by  the  chaise  in 

distance,  Ad,  shown  in  Fig-  27c.  The  corresponding  curve  for  application  i 

— to  the  Rieke  diagram,  then,  will  have  the  gens ral  ihape  illustrated  In  Fig.  27d 

with  quantitative  computation  possible,  a3  before,  'Wien ever  tbe  redone  reflection'  ^ 
coefficient,  wavelength;— and  antenna  dimensions  are  known,  flith  procedures  of  the 
type  suggested  in  Figs.  27b, c,  the  theory  of  the  present  report  may  be  applied. to 
a large  Twriety  of  radoma  ^robLans;  and  one  obtains  quantitative  results,  to  the 
required  degree  of  Accuracy, in  eacp  S:aae.  • 

Before  leaving  the  subject  of  magnetron  pulling,  we  mention  an  effect  which 
is  fairly  cbvicws  la  the  cavoof  lobe- switching  antennae,  but  which  ie  likely 
• to  be  overlooked  with  a single  beam.  Suppose  we  define  the  apparent  pattern 
to  be  a-cunre  of  slgfiJCt  liilenai ty,  is  seen  on  the  scope,  versus  soanner  position." 

— ^ ThiadLffera  from  the  ordinal  antenna  pattern  in  that  here  we  ars  concerned 

eeaentially  with  the  cnAput,  rather  than  with  the  thput,  to  the  receiving  s/sti*. 


a l&rgs  phase  change  j:ouplea  with  a decre*|ing  amplitude,  ~in,he  ay stem 
not' equipped  with  AFC  UTo  two  situations  are  practically  oouivaient,  since 
the  frame  total  pulling  is  cb  turned  lFTboth  caaiaT  ,/ith  AFC,  on*  the  other  hand, 
Fig.  25b  la  Considerably  leas  dssirablo  than  25a  because  of  the  Increased  rate 
of  change  of  frequency  for  a given  scanning  speed* 


al  «, 


- fig.  25  Two  Situations  „nich  are  Equivalent  Without  / - 

AFC,  but  Different  ‘.men  It  Is  Present.' 

Having  Indicated  the  use  of  the  Hi  eke  diagram  to  estimate  pulling,  and 
^!r*^<^^erenC*  ae^"/®ea  systems  with  and  without  AFC,  we  proceed  to  the  question- 
of  date  mining  reflection  1‘rqn  toe  geometry  of  antenna  ana  -radome . Let  ue  * 
suppose^  for  aotanyle,  trafc  the-epinnsr1  is  at  least  a.  quarter  wave  "oil  center 
in  the  systan  of  Fig'  26a.  To  ostlnute  the  max  Intern  pulling,  we  allow  the  ele- 
▼ation  scan  to  assume  the  position  for  which  tne  incidence  is  approximately  - 

, normal,  whereupon  the  reflection  in  the.  line  is'  com.  uted  by  the  methods  here 
described 'for  that  case  (See)  IV,  2,  a above).  Since  the  spinner  is  at  least 

a quarter  wave  off  center  — whicn  is  very  often  the  case  in  practice— the 

complex  reflection  curve  has  the  general  form  given  in  Fig.  26b,  a result  that 
is  intuitively  evident,  or  may  be  probed  by  the  curves  of  FigS^.  62*  A3  pea 
taking  amount  of. the  non-uniform  rate  of  change  of  distance  with  angle,  more- - 

over,  ogs  qb^ralna  the  information  naftdfld  In.  Systems  with  /ypp.  Bt'.fU  as-  that  — - — * 

f cr  the  almpler~~haee.  __  - ■ 


One  other  e)pan^le  is  giisn  in  Fig.  27, ‘where  the  scan  thi*  time  is  in  . 

Although  the  data  and  theory  here  given  as  sums  an  axis  of  rotation 
f.  through  the  radome  ratner  than  through  the  antenna,  it  may  be  applied  by  the 
procedure  suggested  in  Figs.  ^7b,c.  Tfius^ths  end  result  is  squival«nt_Jto  a 


jio^oc  (cote)  8ln[(2tTd«A,)  Sind]  ' (66) 

•n  equation *iich  la  verifi «d- inr jr±g .."Tf  <X/.  From' the  excellence  of  this* 
agreement  r~lt  appears  that  the  step  function  approximation,  for  f(x)  r-  a 
necessary  .procedure  in  the  derivation  of  (66)  --  i»  fairly  well  .Justified 
in  practice.  Similarly,  Eq.  (62i-^e**  the  locatlonyof,  the  U verified 

within  a.  few  degrees*  so  that  the  (lata  coulcMraidl^  f ail  to  satisfy  ths 
general  equation  (45V  within  the  ex^erljoiontal  error.*  We  remark  In  passing 
that  all  experimental  points  of-  Figs.77-7?»  lik®  those  of  Pigs..  * 

represent  tho  average  of  two  measurements  of  reflection  with  »■  quarter-wave 
change  in  d. 


cations 


— The  obvious  application  of  the  present  theoJry  to  questions 
radoae  transmission  are  discus sed^bolbwj- f or  the  present*  we  consider  only 
the  problem  of  magnet ron^pulliog. — Por^alnoat  all  magnwfcrtvm  imnn  tn  t»(Wr  thti 
there  is  available  the  so-called  'Rieke'  diagram> , an  experimental  sef  of 
curves  which  give,  among  other  things,  the  contours.  _of  constant  frequency  on 
a Soith  chart  — the  W -plane  of  the  present  report.  Upon  plotting  complex  _ _ 

reflection  versus  scanner  position  on  such  a chart  s on**  all  rtlrvant « 

inf ormation  f or  magnetron  pulling.  That  -this  procedure  is  realisable  in  practice' 
is  verified  in  Fig.  ,•  inhere  magnetron  pulling  as  computed  from  the  reflection 
and  Riekd  diagram  is  compared  with  that  deternw^^^^ly  cm  the  system  by 
tuning  the  local  oscillator  dial  for  maximum  response.  *~dS tailed  description 
of  the  procedure  used  in  obtaining  Fig.^O  lp-«ivpn  in.ief*.  ] . j for  our 
present  purposes,  it  suffices  to  note  that  a curve  of  oonpleoc  reflection,  of 
.the  type  here  described,  permits  accurate  evaluation  of  .the  magnetron  pulling 
- in-a  givemystem. ,. — _ _ . . r . - - 

- ^It-OwV.b^. emphasised  that  the  change  in  reflection  rather  than'  its  actual 
value,  is  the_signi>ficant--factor  in  proiucir.g  pulling;  and  that  thers  is  no 
advantage  in  having  the  amplitude  constant  if  the  phase  varies.  For  example,  - 
Plg*.24*.Xflpresent3  a high  ^reflect  ion,  (S.&)v  • 9.  which  remains  practically 
constant  during  the  scan.  In  this  case  the  pulling,  as  obtained  from  the 
curves  of  oonstant  frequency,  J.s  only  about  1/2  megacycle*  In  Fig.  2i*b,  on  the 
contrary*  the  reflection  is  very  low,  its  maxi  ■»»  value  being  cniy_Q,Q5,  tfiich 
corresponds  to  an  (S./Rj^of  1.2;  but  the  variation  Tif  phase  ia  largeT  and  h«hce~ 

. the  pulling  now  turns  out  .to  be  about  4 mca.  A third  example  is  given  in 
Fig.  24b*  viiere  the  iftase  is  constant  but  the  amplitude  varies.  Ths  curve 
is.  bare  a straight  lino  which  happens  to  be.  perpendicular  to -the  contours 
t>f  constant  frequency.  Tho  pulling  is  again  Tiigh.  being  about  3 mca.;  but 
when  tile  line  is  oriented  parallel  to  the  oontouirk,  as  shown  in  Fig.  24d,  4he 
pulling  ie  only  1 me.  From  considerations  of  thik  tyye  it  is  clear  that  no 
reliable-  criterion  can  be  given  utiich  includes  on^y  the  nmgnitude  of  the . 
ref  lection, 'but  thaton  ttw^ontraiyone  must  oonsidar  both  the  phaaesod 
the  orientation  vrith  'respect  to  the  Rieke  didgramJ  - -• 

. In  spite  of  thie  complication,  wnich  mat  be  kept  in  mind  Whenever  one  la 
investigating  questions  of  magnetron  pulling,  there  is  a sia^lifisd- procedure 
that  may  be  Us*d  in  certain  cases. ■ This  simplificVtico  is  based  cm  "two 
fnpirloal  observations*  viz. , that  the  contours  of  the  Rieke  diagram  are  apprcod*- 
mately  equally  spaced;  and  that  phase  variation  In  the  course  of  the  scan 
is  usually  at  least  a half  wave,  so  that  th^gensrol  type  of  curve  ah  own  in 


of  data  ihcluded  in  the  prose;  it  report,  it  appears  ^>’.at  t.iase  raetuods  all  give. 
-*;^BedtiSXly  the  same  result.  oimi^rly,.  tne  diutan^e  dc  at.widch  the  beam  t 
appears  to  ai verge  my-be  found  in  two  ways  by  tne  £*ftiiods  here  described,'  and 


there  -is  also  consistency  in  tula  ca<»e. 
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Fig.  23  Dielectric  Jtrip  ir.  the  Fraunuofer  Region 

> — 

■ Proceeding  now  to  tae  case  of  several  strips,  we  find  tout  the  theory  is 
merely  a simplification  of  that  already  given  for  corrugations,  and  it  therefore 
need  not,  be  repeated  in  detail  hep£.  Whenever  the  strips  are  sufficiently  narrow 
and  closely  spaced,  the  ste*.  i unction  approximation  leaasTto 


t reflection  of  solid  s.ieet ) (area  oc^u.-ied  by> strips] 
total  area  <?i  a . «eet , including  air  spaces 





for  normal  incidence,  a result  which- ia  verified  in  Fig$.7tf,"7l  Here  too  we 
see  tiiat  tne  edge  effect  i a apparently  more  pronounced,  and  the  reflection  .is 
.dgjier,  when  tne  polarization  is  peivandi-Aiiar  t<f  the  stripe,  an/ effect which  , 
is  as  before  lie  marked  contrast  to  tne  corresponding  result  for  conductors. 

The  deviation 'from  (65)  evidently,  snoulu  da  ..end  upon  tne  character  of  tne 
• canter  of-  tn  e sampler,  e- strip  in  tnWcsnter  landing  to  uig.ier  value  a , an  air 
gap  to  lower  Vfcluea,  than  are  predicted  oy  tnis  equation.  In  both  oases,  how- 
ever,  "tiw  .Halting  values  anticipated  on  the  basis  of  theory  for  strip 
are  approached  as  the  separation  becomes  large.  — — ^ — - 

Ror  variation  of  incidence,  one  result  is  given  by  ti\m  general  theory 
of  X?r  1#  and  verified  in'-FigS.kOi£>|,  while  variation  of  the  other  angle 
introduces  effects  which  may  "be-  evaluated  %by  the  some  method  as  ti*»t  above  ~~ 
foroorrugationa.  In  the  present  case,  the  envelope  is  merely  the  diffraction  . _ 
pattern  of  a single  strip,  - - ' - 


T 

- Rq[l-(qS^/  <ixp(4ei‘ln2/w  ) 


- (64) 


7M  *a  approxiiaate  .a aiat  loa  01  Lite  ».r<?oj.enj  juggested  in  Fig.  2.  2.  C ^ • 

•qyation,  q^  8tand3  ior  (distdQpe  Iron  axis  to.  center  ol  strip) (radius  of 
antenna)  and  t4*e  ocher  variables  are  as  above  defined.  Am  remrkin  i«M<ne 
“**  t^e  p>ia*e  associated  .vit.i  l^oj  9 oulu  be  substantially  independent  of  g, 

***!*-$  ■ *wry  there  joed* .oeniver  'tne  antema,  iTparaboioidal 
atto  tne  atrip  . is  liv  the  Fresnel  region.  Ita  lnde^euuence  oF(5"foiloira  froo  thfl, 
corresponding  result  for  infinite  sheets,  uidca  was  verified . above;  and  inde- 
pendence of  q»,  w j©  implies  in'ae^^idenCe  of  q as  well,  is  verified  in  Pie.'7t\ 
where  we  see  that  tiie  curves  aro  practically  constant.  ' 
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Fig  . 22  Dielectric  Strips 
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In  the  loregoing  discussion  the  strip  nas  been  assumed  to  be  in  the 
FreSnel  region  of  the  antenna.  rt'nen  tnxs^is  not  the  case,  curves  of  t<*>l  versus 
q'  are  not  independent  of  d,  but  on  the  contrary  tney  increase  in  width,'  decrease 
in  n eight,  as  d decreases.  The  variation  in  amplitude  is  tneoretic»liy  of  the 
inverse- distance  type  deecrlbod  above,  ir  conclusion  widen  is  verified  by  Fig.  23a. 
The  theoretical  curve  was  computed  wit.j  tne  same  effective  center  for  the  antenna 
as  tnal  usea  in  Fwt'IIT,  dec.  1,  so  tnat  only  one  variable,  a of-  Kq.  (U).  was 
adjusted  to  obtain  trie  fit  in  Fig.  ?3a.  Similarly,  the  ,-oint  at  wrd.cn  the  wiatr. 
starts  to  increase  with  d is  given  a'Pp>rcDcljnsiteljr  by  the  d„  of  tne  foregoing  pares 
as  we  see  in  Fig.  23b*  a*ore  the  width  oX  ’nalf  acvlibudeof  trre-Curves  in  plg?%7 
are  plotted  versus. the  distance  4 from  antenna  to  strip,  still  furt.ier  verifies- 
tion  of  the  tneory  l or  tihe  Framfwoiqr  region  is  given  in  the  upper  right-hand 


. * T'W  a i 

.comer  of  Fig. 74  , where  the  phase^is  fumu  t.c 
ted  at  the  ^evioualjr  fpurvd  ' ef f ectiVe-asnt  «r ' 


o be  tnat  lor  a point  source  loea* 


of  the  antenna.  Iri  that  case,-  the 


curve  is  entirely  theoretical,  with  no  variable  left  free  to  improve  the  lit. 
To  summarize,  we  nay. sgy  that  the  effective  center- of  an  antenna  flay  be  doter^ 
rained  by  the  tropqrties  # dielectric  sheets  or  strips,  as  well  aa  by  the 
conventional  procedure  used  in  primary  pattern  measurements:  and,  on  tne  basis 
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. — * In  addition  to--<,:»e  nor  mil  ihcXdartoe  curves  of  Fig.  .40  ior  v. hacking  ' . 

, . • the  actual-value  .of  koV . we  give  a nuraaer  oi  curves  of  |uul  versus  6 to  check 
tjjie  theoretical  location  of- cie  cuxim,  Sq.  (59).  The  stripe  used  In  forming- 

*-<*»  corrugated  Wi:tc»,--<tIiicfr-^rera  of  wsodr  wre  lAu  t.dck,  undtnfr  perIo<f 

L was  accordingly  sorauw.va-fc -different-framed*  sin  ($/2) . Upon  taking  account 
ol  this  cnange  in  ^crlpd  due  to  t'.iekness,  usinp  the  true  value  of  L at  actually 

r — — -inaasured,-  vreuabtaioed-Ui-e  thguratlcal‘ItRr<aior.s  ofi ncr:axiiiki~in^uted  by.  the 

Scort  vertical  lio^aJLtha.h.ottoo  of  the  curves  of- Figs.  6*1  7 c . ;Tue  agree- 
ment is  \dtlvin  a. /tew  decrees  in  nost  ca303f  a’ueviation  widen  is  not-^n  excess 
of  the  experimental  error;  ana  the  agre^ent  persists..®^  when  tee  strip  widths 

v considerably  less  than  a wuvelengttr^-  Prom  those  experiments  on  corrugations 

- ..  pne  concludes  taut  tnc  general  ocuation  (59)*  and  the  approximate  theory  w.  dch 

replaces  f (x)  i>y  an  approprluts  atep-f  "nlion,  are  sufficiently  accurate*  In  » v 
tlie  c a»4  Qi^parabdl  oi  dal  -antennas , for  all  a p.  ii cations  witn  widen  we  shall  be 
• concerned. ' Additional-  ccrVoboration  oi  t ..e  result  eft  cyiinderical  surfaces, 

Part  IV  dec.  A,  i4t  a4jg<*  gives}  by  th *r prop ert ies  of  corrugations  (Fig*  G«  )» 

7 . ‘ which  likewise*  have  been  sit-wu  to  .<ave-  the  theoretically  expected  descendance — 

. oh  d and^rv^  v— -*  — — • ~ ' 

(c ) Dielectric  strips — If  o_plahe  sneet  of-insufi  icient  wiatu  to  cover  the 
antenna  aperture  be  a ubstits-vtea  for  tin  infinite  plnne  sueet  of  Part  HI*  the 
. . — only  significant  change  la iuaitaeory -i-iLo_rjipluce  the  litoits  of  the  integrals 

by  values  appropriate  to  tni's-c&so.  in  particular  oneobtains,  if . q-m  ^fcrlp  width) 
f (antenna  diameter)',  * V '■  ~z-2~=-  - ' " — ^ 

. -*■  •'  ~—V  - • ‘ ‘ ’ - ' 

« . 1—  - •'  .1  _:(<A>I  • -(<i/8)115-IOq*lt3Q^)  (Mf or  infinite  sheet)  (63) 

a J-IJ  (I**'4  C Vi  f » lii  f-*  C*t/<S"  n*  Sto3 - 

for  a paraboloidal  antenna,  niits  iiluriii.ution  f(x)  given  by  (52).  fids  result* 
vndpd)  follows  reaiil^rcitt  gn£fend  Fig.  22a,  is  experimentally  verilied  in 
Fig*  73  * wt.ere  we(hote  tnat  £3S£^greeccn£  Is  considerable  'better  for  polari- 
sation parallel  to-tne  strip.;,  than  lor  perpencdcular  polarisation.  The  disa-  ' 
gradient  nay  be  due  to  the  increased  edge-effect  found  frem  the  presence  of  more' 
numerous  discontinuities  perpendi  cular  tc  the .E-vedtor*'  a sunai.ee  which  is  madg 
more  plausible  by  the  fact,  that,  ir^ contrast  to  the  behavior  of  mstal ‘strips,  the 
•reflection  is  somewhat  "higio'r  ir.  this  case.  -The  result  La  independmt  of  dlstarfce, 
incidentally,  as  we  see  by  the  circles  on  tae  lower  left-hand  curve  .of~pig,*73~.  - 

I * V 

If  a sufficiently  narrow  s trio  be  moved  across  the  a*/grture  of  tha- antenna,  •» 
as  shown  in  Pig.  22b,  iis  illumination  ar.d  ..ance  its  reflection  sitould  b<TaVproxi-~ 
— -aately  proportional  to. t;.e  primary  illumination  f(x),'and  will  be.  constant  over 
the  strip  to  the  extent  tiiat  f (x)  adcita  an. appropriate  step-1  unction  approxima- 
tion. Upon  re- entering  t*.e  lino-  this  reflected  wave  experiences  a furt.ier  reduc-" 
tion  of  approximately  f-(x),  so  thatTtdl  is' approximately  proportional (xA, 

That  trio. predicted  dependence  13  verified  in  ,racoice  is  known  by  Fig.  T7 

w.iio.t  a l^o  indicates  t>IEt  tfte-resuifc  -is  inoiepffirglftt  Of  distance ~in-thn>~  FfMflbl 

region  (uj>per  rigi;t-hanu  curve),  ixairplos-for  more  0encral  antennas  are  civen 
in  Fig.  1$  ' • where  no.cwapurisoiA  is  cuole,  .icxever-r-wlth  tue  primary  illumination. 

—v  ..  1 ‘ * 

■ ■ - . >„  , . v. • — • — - • - — 

The  dependence  upon  angle  is  givenjbytue  taeory  of  IV,  1 and  is  verified 
in  Fitpf  bO,  6|.  Upon  combining  this  result  with  (56)  and  the  foregoing  equa- 

•'  bion  for  strips  at  normal  Incidence,  v/e -'obtain  finally  * _ ' "■ 


I-  • •’*»  ; - — 


where  a,b  may  of  oourae~be  ^Depressed  In  terras  of  d*,  cT’^and  fih  If  the- 
Incidence  is  noisnal,  8*0,  one  oSt&lna  onX?  allghT  simplif ication,  unless 

in  which  case  p«*q*»(TT-#t/2,  andM»2A  (s<»s  Fig,  ).  The- condition 
for  minimum  reflection,  which  minimus  is  zero  for  the  assumed  step-function 
lllunrtnatlo/1,  takes  the  form  * 


s 


(t.  * 2~  cc»^JjJw'(2d)]  (8*0,  d’-sdSj  . 


(62) 


and  is  represented  by— the  dotted  cu£*8s~©f~FIg.  , Wien  ^ged  in  conjunction  " 
with  thk  upper  scale.  Jit.  . ~J  7 < . 


t 4>.) 
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?\go  21  Corrugated  Surface 

./  . “*  * 

- .fills  sufficient  time  was  not  available  to  confute  the  envelope  curyeo, 
experimental 'Verification  of  the  theory  for  normrl  incidence  and  of  the  location 
of  aa*iMr at  arbitrary  incidence  is  given  in  Figa.-  G %~“72L  • The  data  were 
taken  with/0  cancelled  as  usual  by  quarter-ware  notion  , of  lha  surface,  so  that 
each  point  repfesento  the  average  of  two  measurements  of  reflection.  To  check 
for  reproducibility  certain  curves  .;ere  repeated  ssveral-.  weeks  after  the  initial 
data  had  been  taken,  a procedure-whlch  involved  the  oooplete  dismantling  and 
re-asseably  of  both  antenna  and  corrugated  surface.  This  precaution  was  also 
used  in  the  case  of  the  cylinder,  the  repeated  points  being  represented  by 
crosses  in  each  case  (see  Figs.  and70’"]2.T>  

~ ' t 

By  comparing  theory’ With  experiment  one  dan  make  some”  estimate  as  to  the 
lower  limit  of  dimensions  at  widch  ordinary  diffraction  theory  any  . still  be 
applied*  -Thus,  we  have  assumed  that  the  illumination  nay  be  found  by  using 
the  ordinary  reflection  coefficient,  defined  for  an  infinite  sheet,  so  that 
edge  offsets  are  neglected!  t#ien  Huygen’s  principle  is  used  in  thid'way 
highly  accurate  results  should  be  expecte<i/-eSly  when  the  sample^  dimensions  are 
large  compared  to  the  wavelength.  . On  the  other  tiand  the  conventional  theory 
may  be  used  when  the  dimensions  are  only  of  the  order  of  a half  wave,  as  we 
see  by  the  curves  of  Pig . G ^ Tor  d-1"  and  2*,  provided  merely  qualitatlv'e  aacu- ' / 
racy  is  desired.  Por  the  k*  stripe, . wiich  have,  widths  at  the  order  of  a -wave- 
length, the  agreement  is  in  faot  already  within  the  experimental-  error  jas  the 
measured  reflection  in  these  cilrvea  is  too  small  to  be  found  ^ith7 great  precielah. 


“IT"' 
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— Experimental  ,veriiicatipn-*f*the;nr  results'  oil  cylinders  is  ulvan  in 
f16  *u7#s  of  F1«4t  G^&5-“Each  point  of- Figs.  GV  5 

V«  the  integrated 'average  of  a complex*  curve  of  reflection  versus  die- 
tenoe,  ttie  points 'for  amiil  d being  plotTcd  independently  of  those  for 
d Isrgs*.  From  thdee  complete, curves  zt  reflection  versus  distance,  each 
. of  which  had  tiie  same  nuofcer  of  points  onf  the  samt  general  shape  as  the  * 
aassaiplee  given  in  Fig.  b£  , it -was  repeatedly  verified  that  |o>lis  exi- 
stentially inddpertdfiilt  of  distance-  Beoidoo  this  result,  which  is  in 
agreement  with  theory,  we  have  further  verification 'in  that  there  is  only 
Slight  dependence  on  the  antenna  Xocal  length yor-po^riaatlon^^To  check 
the-reiiB^nd^-yf  the  theory,  the  points  of  Figs.  6 3,  were  aupple- 

n»nted  by  additional -data  at  Jr  and  K ban  U , Whereupon  fach  point  wes  plotted* 
versus  a (see  Fig.,  Q,  > ),  Here  toVihc  agreenent  Is  believed  to  be 
as  good  as  could  be  expeo%pd,  in  view  of  the  experimental  difficulties  and 
ctie  approximate  character  of  the  theory.  That  the  dependence  on  ft  i«  .correctly 

. stately  (57)  was  vA-ified  in  the  foregoing  discussion.  ^ * 

" - • — * * 

Corrugated  Surface— Bv  appro.diiitlr^The  paraboloid  illusdnatioa-idth  J 
a .step  function,  as  shown  in  Fig.  19d.  ve  -found  ?t»t_*tne  pattern  of.  a periodic  * 
surface  could  be  computed  in.  terns  of  that  for  a single  period  uniformly  iHufivr 
nated  and  that  f or  a series  of  narrow  slits  non-unilarmly  illuminated.  In  case 
the  antenna  i3  paraboloidal,  as  we  shall  assuca  aero,  it' suffices  to  consider 
only  the- reflected- wave  .soring  directly  beck  along  the  axisj  and  thus,  the  en- 
velope of  Versus  6 will  be,  very^noirly,  this  diffraction  pattern  of  s 
single  period'.  The  rtaxlma  of  the  curve  itself,  as  opposed  to  the 'envelope, 

Will  o»c^|  at  values  of  e given  by  ths  curvos_of  Fig.,  £ or  by  the  equs- 


fr  *-  sin’1  ) n^/  (2L)"] 


1»  • • • ) 
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as  we  see  upon  applying  (18)  to  the  erse  in  hand,  A".  - -(2rrLA.)ielne.APhM? 

- front  of  a paraboloid\J.3  practically  uniform.  The  minima  are  at  points  ab<*ii 
half  way  between  the  maxima,  one  will” approach  zero  as  the  chaise  in  f(x)  from 
one  period  to  its  neighbor  approaches  7-ero.  when  added  to  the  equation  ofthe 
envelope,  Eq.  (59)  adequately  specifies  the  complete  pattern.  |u>l  versus  gfTthe 
- non-uniformly  illuminated  surface  except-  for  a-.proportiooallty  constant;  and 
thus,  to  the  extentthat  the  st.sp-funotion  approximation  is  valid,  the  primry 
illumination  f(x)  cancels;  out  of  the  equations  and  need 'not.  be  considered  at  all. 

Proceeding  now  to  the  computation  for  the  special  surface  of  Fig.  21a-  vJt, 
use  standard  diffraction  theory  to  obtain  * 

I40!  ocJa1  ♦ 2AB  cos^(2ttA.)  (d«  oln|rd»  sinqQ  ♦ BZ  (60) 

•v  giving  the  reflection  at  incidence#  of  a single -period,  Pig,  -21b; — Ihe-variablee 
A,B,0-q  in  (6or  are  defined  by 


l 

2 ■ 


f - e+6,  q - b-e.  . 

A - (xy^nR - (t» . 
B • seme, ^ replaced  by  q,  d»  by  d" 


(6lT 


/ 


Vi 
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(*)  Ci.rpular..isyi.iftgsra — In' the  typical  paraboloidal  ahteana.  of  F±k-  20a, 
the  pattern  of  the  feed  : nay  be  taken  as  • 


.. coa<J  coa£(n/2]  *in*-(e/2)]  . : 


~^which  leads  to-1 


f(x)  003 


acros8  the  iperturs'rcita  one  takes  account  of  inverse*  • 
distance  attenuation  from  feed  tu  paratooloi^y- TbF  6Up=pfesent  purpose8,  we — 

- /®2^r0  accuracjr  onljr  near  ^he  peaK  01  thi3  primary  illumination,  in! which  case 

(50)  takes  the  simpler  form 

. ~ f(xV  l-3^:/(4F*)  VotJc/F)^  ^ ($l}x\ 

For  most  antennas,  including  all  those  us^d  -TOFoTTPie  diameter  ia  adjusted  iii  such 
a way  as  to  give  low  •illurl^ati.'w  at  the  adge-of  the  paraboloid,  -the  value 
of  x /F  usually  lying  tetwepr.  1.4  and  7.  If  we  take  n/37J  - 1,63  as  an  averags 
•*,  Figure  for  this  dimension,  the  illumination  is  exactly  zero  at  the  edge  and 

(51)  becomes,  -except  .for  torms  9^  the  fourth- deg reo,  __ 

■ v- 

an  equation  vmich  has  been  shorn  by  a.  c.  Ipencer  (Ref.  g j,  to  lead  to  antenna 
gain,  half  widths  and  sloe  lobes  of  the  order* of  magnitude  of  those  actually  found 
in  practice.  While  those  quantities  depend  critically  on  f(x),  upreo Ver  the 

— reflection  * In  the  line  is- relatively  insensitive;  for  our  Resent  purposes,  a 

large  per  cent  error  in  f(x)  is  permissible  provided  only  .that  the  general  -shape1  ’ 
near  the  peak  is  correct.  Using  this  value- lor  f(x)  we  obtain  from  iiq.  (42)  and 
Fig . 20b  * u y\  , 

n T,  " s - 

1^1* [2 5R/ (^8a)j  l-(x/i)*l  axp(4iTi/t>c-x*A.ldx  fin  rdnnp«l I /ci\ 


|tO|«^25R/(^ga)]J  y^l-(x/X)  J exp (4rri  1 1 ^v-x^» ) dx J ( in  general)  (53) 

= j25R/(24a1]  | Jcoa  (5)  oxp  (4rrlf£)  cosjl  d^  (a«=Jb)  " (54) 

» 1 , 1 

^®re  we  as8<hne_co*e  R(0)-fi,  a procedure  .wiiicli,  is' Justified  near  the/ceab«r 

because  of  the  near-normal  incidence,  while  it  is  Justified  near  the  -edge 
Because  of  the  small  value  I of  f(x)  in  this  region  (cf.  above).  For  similar 
* reason  the  approximation  - ' ■ — — n 

, , > J S'x)  •ip-x*  - const,  - x7(2p)40(x4/yj*).  _ (55) 

- is  usually-  Justified  in  practice',  the  devj^tion^ii^iarge  o in  areas'  of  / 

- low  illumination.  ft.  Ellis  has  expressed  (54)  in  ten  fof  Bessel  functions, 

and  (53).  with  approximation  (55),. in  terms  of  Fresnel  integrals,  sinew  these 
functions  are  -tabulated,  the  equations  nay  readily  be^pHfc'ted  ah^  chfi^ared  w(tK'' 
the  asjoptotW  t orsula  * - - ♦ - :■  -v  - 


Juj)  25*V^4flV2ary T/fiF/VR*) 
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centers  being  1,  saj£*.  ir  t i e#c ur. 3 tan  t j \,i  ,C.  . uave ^arbitrary  absolute 
-values,  as  before,  but  lirr-ar  vacation  of  ph -.;e  ' 

. ' ..  -L  . . ■ • - — •.  • ’ v- 

A « A*  .exj-dA'* ) ; . • ___ 

— • - S - B,--'ax*p<51lAn  ' j_  . "j~  "(47) 

•.<  . - c *••  C”  exp;3iA")  ' *d  _ ' - 

s then  the  seoondary  patted  V tr.e  suffice  s(x)  m.aainated  by  f(x)’widl  have 
maxiiua  at  values  6 given -by  ' ' . - — r;-  — ; 

, ' «.  * 

— • e 

1 B * ain’lfp  nA'1  /(2rrL^’?:riir^"  '(Afl) 

and  the  only  ether  nkkn  are  'those  of  G,(6).  Tnia  result  is  experimentally 
in  the  ensuing  discusaion# 

-s'  - . • - j 

fcU  ' A third' general  property,  tala  ti:ne  of  docewhat  different  nature*  is  tbit 
reflection  into  the  lino  diould  be  substantially  idbeuendent  cf  distance 
Lrf^-he  Fre8n«l  region,  while  it  aiou*u  decrease  aa  in  too  Fraunhofer 

region,  both  properties  being  .independent  of  the  nature,  ol  the  surface.  Thus" 
all  the  regjilifl,  of  Fart  Toctic-s  1.  2 are- valid  f or ’arbitraiy  surfaces  • 

. y ^ih^Wi^lhay.  jfiojf ~be  iiisd  ij.  u,\i  . r.unhofer  region  tf  tne  variation  of  d is 
not  too  large.  Although.  0:1  T.g&Uy  obtains. a nulrhl  in  this  case,  the  pitch 
.Is  ratner^aiSill.  «o_that  thejjurve  obtained  for.  say,  a half-wave  cr.ange  in  d . 
i3  practically  a circle  In  ary  caie"  the  mean  diameter*  of  "the  spiral  quite 
. accurately  obqys  the  equations  for  ciaceter  versus  mismatch  obtained  On  tne 
b3sis  f'a  caistant  reflection.  This  useful  pro  erty^  tnat  many  results  on 

£tlgtg  51  :^°rnal  ir.ciuence  ray  be.  cu  t-a/olated  to  arbitrary  surfaces/  • 
i«ra“BCiTSer.  sence  cl  tr-e  3 ini  lari  ty  cf  ti.o  aperture  illuminations  lor  different 
values  of  ..d, . and  has  been  repeatedly  i*>«^*ved  in  practice.  If  is.  of  particular 
significance  in  the  sequel  bbcansa -It  permit*.  t * elimination -of  two  variables;- 
r and (°")  is  in  the  case  of -the  >1 -ne  r ,j?t  arbitrary  incidence,  III  3,  we 
t»y  take  r«=0  and  cancel |? by  averaging  the  results  for  quartor^ave  displacement 

Specific  .:.xaqplsa--3y  tne  gen  aril  methods  in;  rribod  above  erre  can 
estimate  the  reflection  p roduced  by  several' of  tne  surfaces  commonly,  encountered 
in  practice.'  Most  of  these  surfaces  ^re.cyliiicierics]  in  the!  general  sens*,  so 
that  an  appro xlmfite  solution  fci*  tr.e  three-dimensional  problem  may  be  lounl  with 
the  two-dimensional  treatmont  used  hero;  ana  tt.ua,  there  is  (no  question  of" 
multiple  integration,  this  depends  upon  tna-f  act  /tnat’  the  primary’  llJdmlrwition' 
•of  raD3t  antenna 3 # in  the  region  witih  \i\ i ci v .ve  concerned*  may  b#  represent od 
as  the  product  of  two  functions,  one  of  x^lone  and  one  of  y alone,  so  that 
there  is  a property  analogous  tc  cylindrical  symmetry  fox  the  antenna  also. 
Though  it  Inwives  the  neglect  of  all  plane  waves  wr.ose  ^wave-fronts  are  not 
parallel  to  the  axis  of  symmetry,  tMs  reauction  of  the  number  of 'dimensions  > 
-hae-^Jed  tor  agreement  with  experiment  in'  trrfl  foregoing;  sectid.3.  and-  it  mj 
therefore  be  as^ur-  d to  b«f  mobe  or  less  ^accurate  in  the  general  case.  rfe~ 
remark  in  passing  that  the  case  of  circular  symmetry,  which  ie  fottha,  for  ex- 
ample. with  the  spherical  portion  of./a  radorae,  rtsy  also  be  exproesed  in  terms  - 
of  only  one  variable,  tnougii  it  will  not  be  Considered  nere.  .,'itn  these  pre- 
liminaries, w$  proceed  to  a.diilcusaibn  of  tnrde  surfaces  Vfhictv  aro'of  conjiuer  u .1 
importance  in  the  tr.eory  of  rudomes  viz.,  circular  c/iittuers}  coniigatad 
faceap  and’ pariLLlel  strips.  


V 


ah  ere  F(x)  is- yiy  o err.*.-  lex  !fyiotion,  A , If,  C . • • • ary  complex  constants,  tac-n  the 
diffraction  pa tX urn  ^ol'—ipr  *^rie'ie—i'll imn t e d 5n  tills  Way  will  be  V&h  by 

- • / . g(ef  %o(e)  :H(e)  - - „ (45)  . - 

wh6re“G(d ) is  Tih e diffraction  psttarn  ior  a dhrfuce  o fo)' illuminated  by  F(jx),. 
while:>f(al  la  the  diffraction  pattern  for  the  function  h(x)  (Fig.  l$c)«  1 


£X*h(xl A 
* B 


/ - £fch(x]L*  Cl  . 


(for  the  leant  x in.  a) 
(fer  the  least  x in.b}|. 

(e.lsewnere ) 


-4-46)  - 


the  sane  as  that  for  tne.  ordinary  convolution  theorem,  to 

widch  the  present  result  in  fact,  reduces  whenever  the  intervals  

are  equally  spatjed,  th*  constants  A,JB,C ere  all  equal,  anu  either  5 (x) 

or  j(x)  is  constant.  It  is  believed  tr«.b  no  theorem  of  just  this  type  is  true 
for  functions  more  -q ei^era I than  tl ios e hero  considered,  viii ixti . must  of  course  •--- 
satisfy  the  usual  xeqiu  recisnts  for  Frauos.ofer  t.ieohy  in  addition  Ao  tne  ones  x , 
explicitly  stated. 


Tlje  relevance  .of  this  rus..tt  to  the  preset  discussion  la  inuic&ted  in'  • 
Fig»  19d,  where  the  illumLuvt ion1  across  t.ue.pierture  is  approximated  by— a— efcep — 
function,  Ti ie . a. ppr oXic.k_t ion.  may  bo  nr,ue  in  tire  ikinner  indicated,  with  f (x) 
constant  oyer  a period  of  Tfrf.  whenever  this  period  is  not  too  large- compared 
bee i&ataefcer -of  fcbe  wb'snna;  ar.  with  such  tin  illumination,  it  is  clear 
that  all  the  ccntloiie- -leading  to  (45)'  are  fulfilled,  ThU3.  for  periodic  sur- 
faces, the  function  6(^)  o,  page  may  be  approximately  comj-ujed  as  the  product 
of  the  antenna  pattern,  g(sine)  by  the  diffraction  pattern  of  a single  (period* 
of  the  surface  uniformly  illuminated;  and  such  a computation  is  considerably  » 
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Fig  l‘i  —Ref lectio  n versus  thjrlo  for  a sylinderical- surface*- 


In  the  derivation,  it  .not  a? ucnad  that  t.ne  arjtenna.  la  parab oloi da  1 
or  that  it  has  ah  especially  rvcroi . pattern;  ana  that  such  restrictions  are 
in  fact  unnecessary  is  by  rig.  ) - were  tne  result  is  found  to 

persist  in  the  case  oi  a_csc  lNaa t enn^ . <iC  remark  in  passing  tiat  tnt  measured 
(o.rR)  docrcxser:  raric.y  Irc/n  a T.’vxijauru  of  only  about  1.2,  in  several  oases, 
and  the  experimental  errors  are  correspondingly  large.  ..henevsr  the  reflection 
is  this  snail,  this  5s  indicated  or.  t;.e  curves. 


. A second  r/i3ult  is  ^_iiat  the  well-known  convolution  jtneorem  of  optics  is 
also  valid  for  a -certain  type  of  non-uni;dra  1 ilttn^-rvatoxin,  which  frequently 
approximates  the  general  113 uminat ions  jrcituiily  occurring  in  practice.  3uppose’ 
the  equation  ef.tne  surface.  s(x)j  is  identical  =±n  the  \LAtervals  b".  c,  ...  - - 
as  shown  in  Fig.  19a,  so  that  we  navo  r 


s(x)~*-S(x) 

t "anything 


Cx  in  a,  b,  c, 
(elsewhere) 


rfhere  S(x)  Is  any  functiori.  If  the  illumination  of  the  surface  f(x)  satisfies 
the  IbLmilar  condition  (Fig.  19b)  \ 


, f(x)  - A F(x) 
“C  F(x) 
• C Fix.) 


(x  in  a) 
(x  in  b) 
(x  in  c! 
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In  the  case  of  the  csc^-antenna,  for  w.-dch  the  theory  is  clearly  invalid, 
we  obtain  a large  discrepancy ; but  in  most  of  the  ot..er,  cases  there  ie 
agreement  withirr  ten  or  twenty  per  cent*  jhe  gain  factors  f were  dote  mined 
in  cooperation  with  R.  Hiatt,  f,  having i been  raeasdrdd  in  a different  loca- 
tion from -and  independently  of  fz*  The  product  it  was  .obtained  by  the 
equation  ^ 


average  reflection  in  line' with  e-0 

• ■ 1 • -^j  ■ ■ — — ■»  ■ ■ r'  • . 

reflection  coefficient  of  ffiatexial“> 


V . .09)  .. 


which  follms  Without  furthor  rflSproximatioh  from  (8)  and  (374.  (tfT'),  was  ' ' s*. 

round  with  a metal  sheet,  R»l,  ./hile  (tT*)v  f0  given  by  a similar  meaauremenir j 
with  plejtiglass,  thi  reflection  R being  computed  theoretically  JTrcin.  independent 
^measurement  of  the  constants  ol  the  'material*.  For  determining  the-ref lection 
in  the  line^  the  pi*ecautio{)o  dd3Cl,ibecLl' or  tne  above  experiment  on  ^smatdi 
were  observed,  wh  fimuponj_complete  curve  of  ref  lection  versus  d wtfe  taken 
for  a range  of  about  forty  centimeters  in  steps  of  one  centimeter  (cf.  Fig^*?). 
The  average  of  the  curve  was  then  [found  by  integration,  omitting  the  portion 
affected  by  inverse-distance  attenuation;  and  this  average- was  substituted  in 
\39)* 


!•'  General  Theory- -Metttoda  similaf  to  tne  foregoing j which  were  helpful 
c*ae  ^ * P1^®  •««•*» nay  be  usdd  to  estimate  the  reflection  pf  an 
ar>3^^I*ary  surface  into  an  antenna  of  kno.tn  cnaracteriatics.  Ttius,  If  G(C) 
represents  tne  amplitude  ol  xhe  wave  reflected  in  direction  $ wuen  cue  surface 
has  the  illumination  produced  by  tl.e  antenna,  .<e  .ajy  ;;rite 

M gjsiAj)  a+cossids+'j  jf(x)}vdx  - do) 

* 4 r -'/•%,  • • *\ 

iJi  analogy  to  the  result  obtained  above  by  the  procedure  digested  in  Fig*  17c.  , — - 

The  function  G($)  may  be  coraputed'by  th$-udual  methods  for  Fraunhofer  diffraction. 
—Similarly,'  the  propdvEre  suggested  in  17d  lolus  to 

- wiWr?r-  - • " — — • 


|(^|^«^Jg(aine)  G(8,$r  g(slnc)  (H-cosQ)  (l+co8^)*d©d$  * earns  (gl) 

whero  G(0,£)  is  the  plane -wave  development  of  the 'reflected  field  wnen  the 
surface  is  illuminated  not  by  f(x),  but  by  a. plane  wave  of.  amplitude  unity^  • 
traveling  in_.dirBctibC.A*.  in  tnl's  case  tne  initial  "Integration  for  G is 
u*ially  simpler,  while  the,fiual  integration  JiTmore  complicated,"  than  was 
the  case  for  (10).  In  expressions  of  tid.3  type  we  nave  .considered  only  the 
two-dimensional  case,  tne  extension  to  three  dimensions  peing  mide,  essentially, 
by  using  p[cuble  instead  of.  s^n^c  integrals.  ♦ 

- . - i 

i,  \ * 

— - The  foregoing  equations  are  not  only  of  doubtful  accuracy,  as  a r»  mnj  * 
in^thia  section,  but. thejr  load  to  integrals  that  can  rarely  be  expressed  in 
terms  of  elementary  functifOne.  In  case  the  antenna  is  a paraboloid,  however, 
one  may  sometimes  use  the  procedure  suggested  in  Ref  ^ . The  illumination*  • ' 
across  the  surface  is  taken  as  equivalent  to  that  Across  the. antenna  aperture 
except  for  phase,  and  it  is.  assumed  thal-thw  paraboloid  la  large  enough  to 
permit  the  approximations  of  Fraunhofer  theory.  , These  assumptionsywidch  *-re 


/ 


the  ap ,virent 
antenna  tar..:, 


Irai'jc  of  i*  decrees  aj  Ue  ssc.nuhry  pow  ,ultoro  of  th# 
®U  angles  or  Incidence.  This  conclusion,  wnicn  follow  from 


f *>  *vu\.iucAvn,  1 UllOffD  1 rum 

tne  theory  of  this  -action,  is  ivpexi_-ien  tally  verified  in  fLg.  £\  for  the 

case  of  a transmitting  farabo! oi i : gin;e  the  variation  4»  sinusoidal,  add. 
since  the  ptrlod  is  Uzx  the*cfj  «ct  nay  bo  croc.jU.sd  by  taking  the -average 
-0*t*?J&'sfT9,i  rv-fie-:*;.tor.n  foe  >fti«  j liUoru  _ by  W 14 This  way  one 
oKaine  result  ttrat^u  Wtvy  teen  Tolihd  yith^O.  ' The  dependence  o£ 
r Is  likewlae  tne  same  aji  for  .t  he  c.tu-3  of  normal.  incidence;  not  only  does' 

-•  pnn  obtaiiy^cj. tu.a  rauius.  varies  as  .predicted -by  -goe^-  (22V  (2S4-j£U- 
In  the  Fraunhof  oc-iyion , 4ho  effect  i3  still  siuJ  Lor  to  that  for  Itr 

aulficea,f  then,  tq^Tonjlqer  only  the  case  vf  a u«tiaiett'llliy,  i niri&hd  to  / 
y-cilminatfe  the  effect  off  '07  mrt^  <we  displacement  as  described  above. 

Tuning  fiow  frtm  theoretj  cal’  to  ar.pcri rental  results^  we  note  frem'  Figs-,5^*  S’fe- 
that  the-^plltude  reflection  v:cr«(u  ar.^le  indeed  approximates  the  secondary 

pc*Ter'patte>Q  near  the  peak  of.  tne  curve  for  a wide  varictr-of rcadigtl ng  gyrteaeT  

Ttiat  the  result .la  atEstanliall.y  independent  of  distance  tp.tne  antenna  is  veri- 
fidO  in  Fig,  a>  ivN  rtiile-  i.rie  5b3layj.,o.  cf  mU-nras  other  tnan  paraboloids  is  illus- 
trated in  Fig,  D-\  ; i*hf  jaat-a  for  these  - figure?  v/ere  taken  as  described  above,  viz.. 

* °r  ^.feiveo  anU^-of  iaaiae.nco  two  measurements  of  tne  standing  wave  ratio  were  made' 

* quarter  wavo.-di;apiace-.e;.-:  cf  in*  she*s~-an.i  each  plotted,  point  represents  the  _ 
average  of  these  two  mc-aoure.ia.-.u.'j.  . ?i  u precautions  lor  initial  mismatch,  pulling, 
reflection  from  tbv  lurrhdPdl'hga  .cvl  iimiTar  to  tnoso  described  "in  connection 
-th^Flg^  “ / - To  copijxetc-  1.-3  exy arixent,  Us  secondary  pattern  was  found  by  the 
-usual-  methods,  three  curvcT^avi-.  t^ur  taken  in  two  different  locations- for  one 
antenna  to  check  the  reproducibility  of  tne  measurement.  The  anonalous  effects  ? 
noted  -then  a metal  sheet  is  place  ; b.-ir  an  ar.tcr.na  are  illustrated  in  Fig  • 

ana  even  here  there  is  agreement  ntt-  l-. eery  in  the  region  .-for  wrier,  the  theory  ’ 
is  supposed  to  be  valid,  vi~.,-  r.  tr  tne  ^ak  , 

Proceeding  to  the  quo st ion  of  pffise,--  r.».  find  by.  methods  si..iilar  to- those  used 
above  that  tne  pnase-  should  be  -svb.stait tally  constant,  cs  thtf  angle  is  varied,  a 
conclusion  wbic.n  is  corroborated _by  the  curves  of  fig,  57  . 'Similarly,  .the  phase 
should  theoretically  tre.a  Jir.oar'  function  of  distance,  a displacement  of  the  sheet 
equal  to  one  wavelength  in- air  leading  to  a displacement  of  tray  minimum  position — 
which  is  equal  to  one  wavelength  an  guide;- artJ  tnis  conclusion  too  is  confirmed 
by  experiment-  (Fig.-  a 0 |.  A final  result  which  nmy  be  cornered  with  ex^riraent 
is  that  for  tho^f^factor,.  F,q.  ( <g)t.  lore  tcc  the  experimental  agreement  is 
reasonfttjly  gqda,  for  orders  of  magnituae,  as  we  see  by  the  following  tablet 

, • / f 

* . Table  1 « Comparison  of  Antenna  T-Factor  with  Reflection 

L " in tc  the  Line  at  Normal  Incidence  ’ 


Antenna 
5"x  2 ■? 

12"x  3-6rtf 

^4»»x  7 2"f 
30 "x  7-5"f 
30"x  9 "f 
30^X10  b *t 
■ 30ftxlQT6,tf  cacr 
Tut  .paraboloid 
35*x13#  apertufi 
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from  tl.j 
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;.«o  ti..at, .Mkii. tttJfiggt  J*.  iccti <4f.  v sr-';.i  'ey  t.,e  '*W*aiuti*b  at  toe-  - 

,3econ.lary  a.'tplitude  , aUcPn-with-  i;s  "rti.lvx  ccn.iunate,.-  - _■  . 

. ^ 1 (35J^ frtiy  ulso  be  derivsd  is  IoIIov/ct  The  ri.ins  wave  x8uvinb  tne  anterx^a  .*•. 

.in  direction  £ is  reflected*-] ro;c  Xrro  s;.ept  at  an  angle  :-b~  £ (ylg,  17a).  The 
amplitude  oi  ^Ids-wave  is  (33>  with,  © regl/tcpd  byj  , and  ti.e  receiving  sensitivity 
of  the  antenna  for  a .tive  trailing  in  any  uirectioh  is  Oivon,  as  anove,  by  t:Vi 

donjugat®,  oi  toe  t rahuci tting  pattern.  doncu,  tne'net.ociitribution  to  Lne  linw  . 
fron^tiiie  single  weva  is._.-  - — * — 

(const).  003(5" -tJ)  fe(sln5)  JjL+coa (.’Gt jj]  H (5 -e)  £.(* & -T)  (36) 

wliile  the  total  received  ,-ower  is- the  in idg^tl  oi  tids  from  -n/2  to  n/2,'  yhen- 
ever©  and^aj*e  suflicie-.tly  small,  trie  expression  reduces  to  tne  conjugate  of 

the  integral  in  ~C3 ) * "3o  that  ttte  absolute  values  are  e ual. 

• . '■«  - 

Upon  applying  it  well-jcno..Tf  rela on  fcf  t \jt  convolution  in  tor  ms  of  Fourier 

— transforms,  we  obtain  — ■>  

| 0 ' ‘ V . ‘ . _ . . 

— . »^Ph  kJfWj  exp(6TtiS/\)  d*  -*•  (same)  (37) 

a s»  ar.  alternative  -ore  o:  (35 ) . "i.us,  if  .<c  Ca.~i,.ate  ti.o  ..econoary  pattern-  T,t9) 
amplitude  ixluiciii  at  ion  e Ual  to  tie  original  intensity  ixiuman*  tion  tnen 


gives  reflection  versus  f.  for  a plane  sheet  whenever  ©is  sufficiently  anull 
3 enca, .reflection  versus  © s..ouxd  c-e  oyrjrntrical.V/nenever^Lnciaence  is  normal  one 


.obtains 


ft04  r "( const  )R 


sc  taut  tne  reflection'  js  proportional  to  i(,  a*  it  must-be  with  our  assumptions.’-5 
For  ti.e  caai  of  a paraboloidal  antenna  tr-re  xft  i eason  to  au^ose  t..at  tne  Constantin 
(38)  is  approximate ly  equal  to  r.i.e J'-fuctor  oi  tne  antenna,  that  i3,  to  its  actual 
gain  uivided  by  tis^t  ior  uniiorc  illumination,  anu  tids  caiclusion  is  briefly  in- 
-.-ymatt i gateq  below,  it  is  clear,  irciuently—  rr.at.-tnis  constant  is  identical  with- 
■ the  prodict  of  tT  of  the  icrfigoin,.  p.igou . ^ 4 

The  results  Just  obtained  uppear/to-be  ^^ccntradictioh  to  t.wse  noted  aodve  1 
for  t-h©  case  of  a psrahbloid.  since  t!v«  integral  (35),  or  its*  e'trtra rent  (3/),  is 
not  in  general  e- ual  to  F(6),  Jf  the  secondary  pattern  is  narrow,  ..onevei**  it 
may  be  approximated  near  i.ue  took  by  a Gauss  di-r or  curve,  tne  deviation  oeing  com- 
pletely negligible  for  the  first  on-erurrwo  decau«».  ''Now  the!  6a  us  a ereor  curire, 
exp  (-ax  ),  does  Jead  XorpfB)  for~lnTlr.ite  ILmFts  of  Integration,  as  may  be -readily 
. proved  by  eltner  (37)  or  (35)-  If  the  , attem  is  even  moderately, narrow,  as*  we 
assume,  ty‘«  integral  ccnvergOT-r^ploiy,  s'k^.nat  ^proximate  e uality  persists  for 
quite  nuderate  values  of  the  limit,*.  Fpom  this  we  obtain  ti.e  general  conclusion 
that  any  antenna-  whose  primary  or  secondary- ratterij  fits  a Cduss  error  curve  nedr 
tii'eyeak^m  satisfy  the  . condition  first  derifld,  a riot  of 

j^Utude  reflection  versus  angle  will  b«  -..ropcartibnal  to- the  Qconuary  po.yer 
\ '•  i"  , V>  ‘ 

Because  of  the  lighjy^ppraximute  character  of  the  theory,  much.  dtf  '?V;'.icn  ”* 

amounts  to  little  more  than  conjecture,  it  la  clear  U»at  aaequ^te  ex^erisental\ 
confirmation  must  oe ^obtained  before  u/y»b j these  results  n*#  o e rebard«J  as  \ 
realiably  establis.ied.  In  c.onducting  such  an  ii.vestigation, -.owover,  we  must  > « 
briefly  conniuerH.*:  eftocC  of  r and  wd«ij  ’i^ ve  bec-n  n lected  tip  to  now  -V 
but  .riicrmay  introuuce  large  exper..r...nt<-^L  errors  j.uno  r.,-  Ti.e  e i f ectJ  ui /•>  \ 

io  to  -produce  a sinusoidal  variation,  sir.ii.ur,  t ...in  nae.i  a.  ove  at  nor. ual 
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'•  Having  briefly  co/uics^ctl  the  'catr  t.T  V^kboIH  dd'r^^  . 

to  the  generax  ca?e  in  which  this  iSnteruia  is  unrestricted.  8y,tho  reasoning  • 
suggested  in  licf.tj  we  f;  rui  that  the  arrplltude  -illumination  of  tie  plane  sheet 
/I a a pproxl-m tely  equal  to  that  of.  the  u. t^euna  aperture,  .^rovidea  it  is  in  the 
Fresnel  region  and  provided  c Iso  tna,t  thfjA'O  are  no  large  discontinuities  -in  the 
illunrinatibn  at  the  edges.  Under  the  sa-.o  conditions,  there' is  a linear  phase 
difference  between,  the  tro  illlivinationc,  & ven_  tv  4t he  dj  stance  from  th^  sheet 
— to  a plane  perpendicular  to  t>l>e  axis  (l  ig»  i?c^^  sc  tnat  one  'nay  write  fe 

illumination  ol^sheot.**  f(y  cos6 h(eoa0 >-expi£(2ry/A.)  si^©}R(0)  (?0) 

where  the  complex  function  fix)  is  the  il luxation  across  tnc  Antenna  aperture 
and  Ri©hi-s  tne  reflection  coefficient  ofthe'xy?ll  at  incicence  6.  Upon  taking 
the  Fourier  integral,  as  usual,  and  s’lbstituting  some  variable  oi  integration  q *"■ 
for  7 co#e,  we  i:tay_  express  tr.e  plans  wave  traveling  to .-sir  J the  antenna  In  direc- 
tion ( as  « ’?  ” * * 

(S-°V *^R(6<^1+coj  (*  -t  )s*c^g^J"3ir.(^3in  (B-~:j-aecQ ) (3X) 

1J  g(ui  is  defined  ty  ^ 


secendary  Lat^B rn 


« A 7^-  . i 

g(u)  « r f ^x)etxpt2rTiu?/r..'  dx 


antenna  is,  }r:  jcplitude 

• r r~/h- 


(Co*  ) g(sinei  r J e ‘j'fK&l  d x-j  (33 '■ 

*^en  it  is  tronsra tting , t nc  conjugate  ci  C.Mo  .i:.aa  it  is  receiving.  Thus,.  ' 
upon  returning  Into  the  line,  the  plane  w»ve  (31)  is  reduced*by  tne  aon jugate 
oi4  (33),  so  u;at  the  total  c htri.'-iticn  or  aid.  waves  reflected  back  into  "the 
line  Prom -the  sneet-itakes  the  a-  rm 

iu 4 j ^l+ccsf  • c .(isineisinC^hejJsece)  g(sin£)d^j 

m 7 — 7F*r— — ou) 

($'"*'*) J I f(x)l  dx  . 

- - • 

waen  divided_by  the  amplitude  of  the  incident  wave.  It  is  cxe^r  that  this 
result  cannot  be  legitimately  applied  tq  antennas  with  very  widtf  beoios,  or  to 

sheet*:  making  a large  angle-rdth  the  syutesraxis;  ana 'on  LWOftiFr  ikn^  when  

ijB  arje  small  there  is  considerable,  simplification,  in  that  the  reflection  R 
ranjfcija  taken  as  ccsistant,  and  tne  obliquity  factors  may  be  draitted.  The  latter 
errofls  alv/ayo,  tho  former  usually,  of  tne  order- of  .,'e  assume  a 

pattern  ao  narrow  that  P($)  is  negligible  ior-g  differing'  appreciably  from 
zero  witn  the  Tesuit  ti»at  t .la^ii.ai  ts  ol  the  xnLegrSl  r.iuy  be  -assumea  muci. ysmailer 
than  t n/2;  and  we  furt'.er  asaim*  6 to  be  small.  w<  idi  is  not  only  necessary  lor 
the  validity  of  the  theory,  but.  corresponds  to  toe  case  oi  tne  greatest  practical 
importance  (cf . above).  .<it.i  tuese  assumptions  (34)'  taiu*j  the  simple  loro 

,A..  , ; )r  * — **: — - 

(U>l  = hIJ  g(26'5>*  g(^  d $ “(OnS  Jf\x)  dx  , ! r/  tf?  0)  (35) 

^ ✓ '* 
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wtwire  it  was  found  tlat  Fraunhofer  theory  may  sometimes  ha  maH  even  ^ 

close  to  the  antenna,  the  procedure  being  closely  analogous  to  the  Use  of  . 

Fraunhofer  diffraction  in  the  optical  problem  of  tne "spectroscope,  for 
^v*iicn  one  is  Jjeally  rklng  ‘in ^ the  Fresnel  region  of  both  Jena 'and  grating.  *’ 

The  validity  of  s'nfch  an  approach  depends  p\  tne  selective  action  of  the  lene, 
which  emphasises  parallel  ray*  in  ouch-  the- situs  way  as  they  uroi  eapbeei  mul  r?  ■» 
rtien. image  and.  object,  are  far  apart;  in  other  vo^xls,  the  lens’ moves  the  inage'"  ' 
to  infinity.  It  la  cleer,  thfcn,  that  .the.  'proposed  extension  of  such  a procedure  to 
the  problem  at  haul  will  be  valid  only  for  a paraboloidal  antenna,  and  that  it  may  be 
even  in  tkiat  case  unless  tne  antenna  is  large  compared  to  the  ifcve length. 
To  the  extent  Hat  thTa  type  of  reasoning  is  voi id,  however,  one  ncy'say  that  the 
conclusion  suggested'jDy  Fig.  16.  j. s correct’  for  any  paraboloidal  antenna  (t.  e>, 
any  antenna  giving*  a plane  ;hase  front)  wnether  or  not  the  sneet  is-ln  the  Fraun-  ' 
hofer  region  as  tlwsre  assumed. 

Besides  this  direct  application  of  the  method  of  images,  it  is ’possible  to 
^®®30n  43  iollottw  -.The  olectric  field  across- tne  aperturo  may- be  developed  in 
a fortes  "of  plane  waves,  the  enplfiude  oi  the  wave  trayeHnx  in  direction  6 
perpendicular  to  the  3heet  being  proporti^rni  fccy/p(s) , the  amplitude  of  the 
secondary  pattern  in  tfat  diruction.  Inis  wavo  is  then  reflected  back*toward  the 
nntonna,  as  shown  in  Fig.  17a,  still  traveling  perpendicular  to  the  sheet.,.  Upon 
entering  the  line  it  experiences  a redaction  proportior'al  to  the  aptenna/seaei- 
tivity  for  receiving  a plane  w'ave.  fron  ti.at  direction t and  by  the  reciprocity 
tneoram,  this  sensitivity  Ip  again  proportional  to  / P?iT.  The  net  result  is  that 
the  received  amplitude  is  proportional-  tofH9^£p(-0)  which  equals  P(0)  as  besore. 
Although  somewhat  mqre- cumbsraome  than  the  original  aerivation,  these  tWg  aetlSbd a lend 
th erase Ives* npre  * cacily  to  generalization,  and  also"  suggest  tne  probable  nature 
of  tne  discrepancy  between  exact  thedry  and  the  result  just  described,"  Thus, 
since  the  paraboloid  has  only  a finite  aperture  th_g  j^ceived.  pattern  will  not 
he. infinitely  narrow;  and  hence  the  plate  v/*yes  omting  a .alight  angle  with  the 
on«»  uoT oCt  iy  "Voflecteu  "will  alSU" contribute  somewhat  to  the  received  power, 

(Fl£->  17b).  iince  ali.  functions  involved  are  assumed  continuous,  these  .. 
neighboring  waves  u ill  presumably  differ  only  slightly  in  phase; — sirttvat' they 
reinforce  one  another.  We  thus  conclude  that  the  observed  reflection  should 
.be  somewiiat  laiger  than  predicted  above,  -aad-  tnat  sharp  minima  in  the  secondary 
pattern >dll  not  bo  clearly  reproduced,  in  the  reflection  curve. 


i 


-^tisned  ift  practice.  7ni-:  type  of  ar/.u-^nc  i-  • >i  -e  ri  urous,  i,n  tne  author1 w 
oi'idion,  i»  th'i  sheet  Is  suli'ioiently  far  ffwiy ; ITTu  UTF  predicted-  variatiod  STIouj 
b«  found  not  only  for  tho'.peak  but  aiur  for  tne  aide  IcLea  and  other  details  Of 
the  pattern.  lixperira.-itaJay,  ncwevf r,  any  effects  ot..or  ti^ui  th-ose  in'  tne 
immediate  vicinity  oi  the  peak  dre  qij  l c unimportant,  and  iraeod  ti'ry  are  almost 
impossible  to  mfea^iire  "with  accuracy.  Ti  sse  irus,  ' leb'  -us  suppose  that  tuereflec- 


*iori  into  t trt  line  normal  inriddnee^kjf a typlddTv^lue  of  -say.  0.!5  in 

t.nde . Jf  tne  in^le.  of  incidence  be  now  Onanged  t ^’a- value  corresponding  * 
to  the  one -tenth  power  points  of.U<e  secondary  pattern.  tne  measured  reflection 
in  amplitude  v'lli,  be.  ^h2y  0.02.  which  correspnxids  tc  a power  standing  wave  ratio 
of  1,08.  similarly.  4 side  lobe  of  0.1?  in  trra_p«wer 'patter^  would  tre  quite 


indistinguishable  from  o ;e  of,  s ay*  2*;  the  former 
of  1>CXX)8.  yrhile  the  latter  given  1.016  fis-us,  w.i 


leads^-to-a  theoretical  (s/&i 


u^3,  whixe  details. of'  the  power  pattern 


itself  at  a lo/r  energy  level  are  both  in,; >or t art  and  relatively  easy  "to- measure,, 
such  details  arti^inaigniricant  and  difficult  to  :a?a:<uro  ii\  the  corresponding  case 
for  reflection.  To  jututl'iIvo-,  one  iney  say  tliat  oniy  ti  v o he  cnarac  tori  sties  of-  the 
secondary --pat torn  which .arp  readily  seen  in  linear,  raider  than  logarithmic.  — 
representation  ’are  sign!:  ..caiii  for  the  casd  of  reflection. -henceforth  the 
phrase  secondary  patten.-  7-'ili  be  need  only  in  tuat  special  sea.se,  wnich  makes  sloe 
-lobes  oi  say  5?  practicably  equivalent  to  those  of  O-Oll',  This  difference  between 
iqgariunmic  arid  linear  accu.raiy  rrj.’.>t  be  wol^.  understood,  ii'  tne  ensuidg^iscussion 
is  not  to  be  seriously  cds interpreted^  _ . — ..  n - 
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\ ^ ' * Fig-  16  _JTbe  hffect  of_Non-nor/nal..lncidaat}e  1 ~ ■ 

' "*  "7~  for  Fraunhofer  Region 

Sr with  these  preliminaries  we  <a*y  consider  wnet„er  tne  conclusion  Pear. iei 

i -by  inspeet-ion  of  Fig.  lb  dor  the  Fraunnofer  region  rnay  also  be  applied  io  tqe 
Fresnel  region,  and  if  not.  we  may  ^ vest  igatV;  the  expressions  appropriate  to 
' • that  case.  'Jo  this  end  we  use  the  reafscnin>;  aeacribed  in  detail  In  Ref,  ^ 


V 


/ 
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The  antenna  waa  then  changed,  30  that  the  results  should  not  be  toe'  specialised, 
experiipent  was  repeated^-diiia  time  vdth  a mstal  ah  eeT  instead  of 
_ e-  dielectric , and  With  nineteen  complete  curves  lnsteadflbf  fourtnnn. 


e-  dielectric , and  with  nineteen  complete  curves  lnstea^Pbf  fourteen.  The  data 
ww  plottedTln  polar  co-ordinates, as  usual,  the  scape  being  so  large  tfeat  an 
■v  -Angular  accuracy  of  about  * 0»0*>  degrees  could  bo  obtained,  together  with  • 
negligible  error  in  the  plotted  radium  ; _ 

w - ' _ • __  — __  * __ 

Proqv-  tbeae  thirty-tiiree  curves  on^  obtains  verifioati on  of  the  Acre  important 
aspect  of  the  foregoing  theory^  In  tne  first  place,  eacn  ode  was  quite  aoourmtoly 
r ® circle,  the  deviation  being  well  with  id  the  .rattier  "small  experimental  errors, 

•"  Four<  ot  the  cirolea  obtained -wlS^the  plastic  sheet  are  shown  in  Fig.  47,  for  ~ 
which  the  accuracy  of  the  circularity  ‘is  typical  of  that  of  the* other  curves.  A 
second  prediction  is  that  the  centers  of  the  circles  move  along  an  ellipse  with 
the  prescribed  focal  points  and  shape,  in  the  case  of  the  plastic  sheet,  while 

mismatch  laoves  along  a circle  in  either  case  (see  Fig.{2V>)*-  Unlike  Uj«  - 

other  results  derived  on  the  basis/0-  ($",  this  one  becomes  inaccurate,  whenever^ 
fR  1®  appreciably;  the  error  introduced  by/°  is-hot  then  absorbed  by  “the  equa-. 
tion  as  was. the  case  for  (22)  and  (25).  '"This-rasult,  which  agrees  with  the 
exact  theory,  would  indicate  that  an  ellipse  should  'be  found  for  the  plastic 
sheet,  but  not  for  the  metal;_ana  experimentally,  the  centers  behave  as  pre-  •» 
dieted-,-  -Still  another  theorelid.  conclusion  chocked  by  the  present  experiment 
- is  that "Vadlus  versus  distance  to  center  should  obey  Eq.  (22)  a- result  which  - 
is  confirmed  by  the  curves  of  Fig.  50  - .<"«  note  that  the  scale  of  that  figure 

la  very  large  for  the  case  *af  the  dielectric  sheet;  the  radii  of  the  circled 
have  the  same  length,  with  the  scale  used',  as  would  be  found  on  a Jmith  ehart 
over  sIa  feet  In  diameter.  The  average  deviation  for  the  plastic  sheet  is  1.2% 
while  that -for  the  metal  is  1.8%,  with  maximum  deviations  of  2 .yi  and  6.2)6 
respectively.  These  errors  are  .ell  wit nin  tne  experimental  accuracy,  If  we 

note  that  a small  absolute  deviation- leads-  to  a large  percent  error  whenever  

the-radiiia  of  the  circle  being  considered  is  small.  Furt.ier  verification  of 
the  theory  is.  given  when  we  plot  radius  versus  niaraatch  (Fig^b.  For  the  case 
of. 'the  plastic  sheet  hot r. -theoretical  and  experimental' curves  are  practically 
indistinguishable  from  the  curves  for  radius,  versus  ^ Mian***  to  and  are  - 

therefore  not  shown;  but  for  the  metal  dieet  there  is  considerable  difference 
between  the  two  cases,  as  predicted  by  the  theory,  the  agreement  being  again  • 
within  the  experimental  error.  . Je  remark  in  passing  that/th„ugh  it  does  not 
impair  the  agre<ts»n£  between  theory  and  ex^eri.hent,  the  presence  of  f3  leads  to 
a different  theoretical  radius  for  the  case  of  a matched  lifie  from  tint  obtained 
for  the  circle  centered  at  tne  origin.  This  benavior  is  quite  Correct,  since 
the  two  cases  coincide,  it  has  been  rigorously  proved,  if  and  only  if /or  is 
negligible!  that  is,  unless  this  'oondition  is  fulfilled,  the  circle  will  never  be 
centered  at  the  origin  when  the  line  i3  mtched.  Tula  characteristic  >bf  the 
curVes  is  therefore  not  a theoretical  inconsistency  and  it  leads  to  ho  difficulty 
in  practice.  . - — _r-  - . 

* 

3«  Arbitrary  Incidence — In  case  the  sheet  is  not  perpendicular  to  the 
electrical  axis  of  the  antenna,  as  hitherto  assumed,  the  theory  ^jaust  be  somewhat 
modified-  Temporarily  assuming  a matched  line  and  a negligible  value  for  /o 

we  note  by  ihe  method  of  lunges  that  a plot  of  amplitude  reflection  versus  angle 

should  be  the  sam^  as  the  secondary  power  pattern  of  the  antenna,  whenever  the; 
sheet  is  far  enough  away  for  the  linage  to  be  in  the  Fraunhofer  region  of  the 
objeot  (Fig.  lfr).  It  is  also  necessary  that  0 be  so  ^mall  that  the  reflection 
coefficient  of  the  sheet  is  essentially  constant,  a condition  which  is  usually  • 


t* 
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■Proceeding  now  to  «t|url'-.c:  Cat-  veriff-JlT^,  v,«  ur  pr-  .that  cuisidexable 
— accuracy1  my  be  axpagted,  a?  tr.e  pnenomona  -»»  creront  .uiuer  con jide ration  lead 

to  none  of  that  magnification  of  error  w.ici  nas  beaa  30  troubiesKxno  elsewhere. ^ - 
.. — JtlUe.  instead  of  axanv*in^  .the  variation  of  measured  transmission ,'6!r  reflection, 
we  are  now  interested  primarily  in  tnc  quantity  .•itself.  With  the  experimental 
arrangement  of  Fig.  i^a^the  following  procedure,  u iopt^d:  First,  the 

, ■^4^®ai‘i'ty  of  -ho  a B^»lAfying  system,  ine  ludi'tii;  voLtirroter,  -warr-checked  independ-  — 

ently  with  two.  A fferent  rdorovoitera,  t;,e  iiccur v.cy  in  both  cases  being  within  — 
that  of  the  "dcrcvolters.  Frcm  the  fhet  that  tie-  deviations  Iran  linearity 
did  not  occur  at  the  saint  points  in  tr.e  twe  cases,  it  was  conducted -that  the 
errors  ol  the  equipment  itself  are  sorapvtfiat  leas  than  tab  errors  observed,  and 
therefore- negligible  in  the  proposed  exj-erir.ent . Next,  theinner  conductor,  of 
the  standing  wave  detector  was  certtei'el  so  ac  :uratei,y  t iat  the  variation  o*  the 
voltmeter  reading,  as  tnc  ,arube  experienced  its  entire  travel  with  a matched 

line*-  **3  j-fiss.fha;-.  *0*2%.  Tne  .-vtnod  of  centering  lias  tnat  s iggesfced  in  Fic.  lib, 

where  we  TBKS_ii»o  c»j  tssai.  1 act. <t .iat  a sidewise  displacement  of  3 ey,  0»005w  pro-*  1 
ducss.no  reasorabie  effect;  J.e>.  tne  whole  of  the  error  is  produced  by  the 
change  In  distance  frrn  probe- to  cantor  conanctor  (cf.  Ref  7 ).  Having  eon- 

^sidarea  tie  errors  in  tr...  detect  in.;  syst  «t:;‘  we>-ocfc  verified  tnat  tr.e  lossy 
supplied  sui.J id. en-  i-.-^a-io n to  load  t-v  ;ir;g li^iixie  ouilin^,,  tiic  'cnsrige 
-n  wavelength  bjpinr  less,  t orv  C t.en  thc’-st  ui^ir.g  rave  ratio  was  increased 
/roro-1^05-to  about  ?OOC-rrit.:  -r event!  phases,  .finally  it' v'as. \-roved,  by  taking 


a curve  of  standing  nuva  ratio  versus  Crattu'.-J.* 


tics’,  intro, the  line  r ; 
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position,  tnat  tne  net  ref iec- 
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Equipment  for  Investigating  the  effect 
of  Visor. tch^ 

tjiese  prelimin.-vrics  completed,  tne  line  was  carefully  natened  and 
t^.e  star.uint  wave  ratio  togetner.  ritu  the  ninjfmuja  Ration,  was  taken  for  nine 
Equally  •'Spaced  positions  c^f  the  si.  tot,  tite  total  travel  bei.i(_  approximately  a ■ 
half-wave » Due  cure  was  excerclaed  in  adjusting  u.e  an,ie  01  incldehcd  mr  navi. 
raunj  reflection,  and  in  arranging  that  t.iia  angie  ..ouiu  be  accurately  maintained 

throughout  the  experiment . . .,1th  the  sueet  removed,  the^ ^ initiaA mid^dh'itea  1 

again  measured* ..to  irisure  tnat  it  raid  hot^*chang9<ir  and  the  line  was  detuned, 
by  varying  one  stub  only  to  ive  a fixed  mismatch  Hiio.  was  accurately  aeternined 
both  in  pfiase  and  ainplitude.  rhe  i-rodeuure  Just  uescribed  for  a matened  line- 
was  1*en-r«4«ated  in  its  entirety  Whereof  me  roismatet. ;was  again  increased, 
and  tr.e  whole  ,roceae  repeated  until  a-  total  oi  i'ouxjteenroomplfite  curves,  ampli- 
tude and  piiase  versus  distance,  naa  Deen  taKen  „it;.  different  initial  mismatches 


an  exact  instead  cf  xu  ap,.ruxi,&_te  portraya*  01  u*e  r unction,  Af.  extension  of 
this,  type  mjy  be  mile  in  anotn- r v.ay,  vis.-,  ir.dteu'4  of  retaining  th?  property 
that -the,  real  ana  imaginary  parts  of  u^shall  be  represented  explicitly,  we  may 
insiat  t-tataui,  1c  $T  •*>!  yif.lie-si.ail  remain  equal  to  LhdA ;i '■  In  other  - ' 
words,  the  line  drawn  rror.  jaianaton  to  a g 1 ven  on  .tlw.' circle*  will' be 

the  sane,  but  the  an^-le  deteriainin^  tht  position  c!  this"  line -vd  Ip  be  *ropor- 
-tlonai  to  the  dlatanM  d 'between  ahteiuia  and  oneet,  yith  due  regarci-to  the-  re- 
quirement of  periooi  ity.  The  curve  so  obtained  is  fcivw_in  polar -co-OTdina  tea 
by  Kq.  (16),  if  we  ta*e  our  or i> in  at  tr.e  .pint  r.expTlr'l.  and  this  curve  ' 
has  a few  rather  interesting  properties  of  its  own.  In  tjhe  first  place,  there 
i3  an  axis  of  nynmetiy,  therp.  the- curve  ia  not  in  ellipsis;  and  the  width,  as 
shown  in  Jig.  11a.  is  not  only  inuej. enuent  ofi*  , crat-it  is  exactly  equal  to  the 
diameter  cf  the  circle  in  the  'ap^cQjclrxd  e_  wet  or  t&agram;  / 


wiutn  of  curve 


2Kt^  I 
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' This  •ddth  will  vary  according  to  3c:  (r.  ' c.-  .(25)  drreJpecttve'df  the  value  of  o 
-.  1/  we  now  replace  tr.e  raoius  cl  the  polar  plot  by  its  s quare,  as  in  ji£.  LUt,  X ~ 
we  J'ina  t-'.at  tile. carve  so  obtained  is  an  exli^se.  witn  t:e  mismatch  at  ■ one-focus 
and  wiU»  eccentricity  2fH/{l+r?. ^ . Pie  ratio  of-its.  axes  is  giver,  by  - , : 


Iraajor) /(minor)  - (l+//»’p.‘>')/(l-j»>k>|  - , (28)  . 

- while  the  ratio  of  maximum  to  ri.nirr.si  dictvuice- -from  fixed  mismatch^c  curve  is 
equal  to  . 

. ) / (min . list.'  * ) *7(1 -/to;’*"  ‘ 

Thus  the  ratio  of  the.  axe3  i3  equal  to  tne  voltage  standing  waye  ratio  lor  a 
poaror -rof section  f>  R , wiiie  tne  ratio  of  maximum  to  minimum  distance  it  equal 
}°  the  P°*or  standing  wave  ratio,  l or  an  amplitude  ref  lecticn'flT.  'Those  pi-oper- 
tles_^?e -incidentally^ali applicable  to  tr.e  tneory  of  transmission.  by  virtue 
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Fig.  1 U Distance  to  Mismatch,  or  its.  j-niare 
in  Polar  Co-ordinates 
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Fig.  13  Equivalent  Construction  when  0 


Having  obtained  the  dependence  of^-adius  oVTdiBtance  to  center,  we  proceed 
to  estimate  its  dependence  on' distance^i'?ia&tcii At  first  one  would  expect  N 
that  the  result  should  be  given  by  ^23),  wilh*a  lossless  tuijer  or  other  lossless 
eourcj  of  reflection  iar  r;  tut  this  would  b^  incinrect,  as  it  impliesy  not  that" 
/>“  0,  but  that  f>~  r,  an  a pproximatloq  ~w. . 5 cM  is  quite  unsatisfactory  for  our 
present  purposes.  __,/e  therefore  assume- /«=  0,  as-before,  .and  use  Fig.  13  to  ob- 
tain, by  inspect^, 


a 


a0  (1-r*)  (25)' 

which  result  is  again  a rigorous  consequence  of  our  fundar^n»^i  assumptions 
with  no  further  approximations.  A3_heiore,.*he  fact  that  is  actually  some- 

Vhftt.  IV  f.fjnn  edWA  *1  ran  Ho  f i ...  J a.  1 1 _ 1 & « •*“  • 


-V;  ‘ 

. 1 

| 

. A 


what  greater  than  zero  leads  to  errors  that  are  witlJLn  the  experimental  error, 
the  effect  of  /°  being  Quite  ineligible,  as  far  as  the  radius  a is  ccraoerned,  if 
the  mismatch  r is  held  constant.  Tnat  this  should  be  the  case  i$  verified  by 
the  exact  the  cry/ given  above.  \ , / — • . 


y Alpon  combining  (22)  with  (25)  -we  obtain,  after  a considerable  amount  ol 
algebra,"  " ' " . ■'  ^ " 


initial  radius  a for  oit\  sh esfr  ..  final  radius  a for  lirst  sheet  (26) 
— - initial  radius  a for  another  sheet  final  radius  a for  secOnd  aheet 


> 

A 


and  thus,  if  the  circles  obtained  with  two  different  sweets.  liav^A  certain  ratio 
§[  radii  for  one  mismatch  r.-then-they  will ‘have  the  same  ratioufOr  any  otner  " ’ 
mismatch. 
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V *N 

Up  to  this  point  we  lave  assumed  that  the  complex  reflection  coefficient 
has  been  plotted  in  the  Argand  diagram  or  Smith  chart  so  that  the  variable  d is 
only  implicitly  represented.  This^  procedure  may-be  -regarded  as  & sort  of  exteh- 

of  fch«  woll-kflf"-  •--* — -‘-t  — ■*  — — “ *-• “ * 


u 


which  nay  also  be  obtained' iron- the  construction  srown  in  Fig^  12c«  Fig*  12b 
was  suggested  t$  the  author  Ly  j.  dilver  w.dle  Fig—12cr  is  due_to  Rieke.  It 
is  «hsy  to  prove  directly  from  the~defiaitdch  that  the  dent er  oi  theaeircle 
in  Fig*  12b  moves  along  an  ellipse  whose  focal  points  are  at' kqtfbf  the  figure 

wtdle  the  axes  are  equal  to  V l-ag"  -^hd  -lvrthis  being  i#\  aarkea contrast  to •* 

the  behavior  of  the  ntfiamatch  point,  W.icu  moves  along  a circle.  . A3_ons  Hbuld 
sum!  srf  from  the  assumptions,  the  ^present  tj>«tory  is  considerably  more  accurate  " \ 
than  the  simple  theory  obtained  above,  for  saail  reflect!  ons/and  experimental'' 

***4^  ^Cbtion  will.be  given  In  the  ensuing  discussion*  " 

* i . , 

Bq.  (22)  was  derive^  only  foY  the  special  ndfunatch  producedtfr  varying  one 
atub  of-  *-t*xxer,  whereasirTgeneril  the-nd.3raatcn  may  be  due  to  any  arbitrary  source  of 
reflection.  From  the  well-known  properties  *of  the  refl  act  ion  chart,,  however,  one 
t would  surmise  that  the  new  radius  > should  depend  only  on. the  rU.  stance  to  thep center, 
the  effect~ef  variations  in  the  p^iasg  r’  being  merely  to  move  the  circle  around  the 
origin.  This  Conjecture,  which  wouid  indicate  that  (jfe)  is  true  in  general,  .«y  be 
readily  verified  by  the  theory*  of  Ref.  4-  . "hebe  we  showed  that  *(13).  (14)  take 
the  ferns  1 — 


a * R 


whenever  the  reflecting  object  leading  to  the  fixed  ^soatdThap  zero  loss.  To 
applyuthis  result  to  the-  case  at  hand,  it  is  of  course  improper  to  assumB  that  the 
antenna  itself  is  lossless;  ana  we  therefore  proceed  as  suggested  in  Fig.  13.  Since 
the  circle  for  & matched  line  is  assumed  to  be  centered  about  the  originj-fthe  situa-’ 
tlon  of  (13a ) is  precisely  analogous  to  that  of  (13b)  which  in -turn  is  equivalent 
to  a lossless  source  or  reflection  corresponding  to  the  tuner,  or  other"  device  pro- 
ducing a ralenatch,  backfed  by  a moving  object  <nose  reflection  coefficient  is  Rtt*.  « 
This^  £^palogya  which  is  not  an  approximation  for  the  assumed* case/0*  Oi leads  to  (22) 
If  we-eli^inafce  £ from  2qe.  (234,.  (24),  using  Uhe  dJact  that -Sq*  -and^henc? ^ZZ) 
is  valid  tftenever ''the  initial  circle  is  centered  at  the  origin.  This  condition 
amounts  to  assuming  that^  * 0 independently  of  the  tuner  setting,  and  one  would 
at  first  think,  from  Eq.  (19),  that  the  error  is  of  the  order,  of /°lRa.  More  care- 
ful investigation  shows,  however,  .that,  the  error  is  considerably  lbas  than  this* 
being  completely  negligible  in  practice ; and  indeed  we  have 'been  unable  to  measure 
it  experimentally . This  reduction  of  tue..  error  is  found  because,  with  the  result 
expressed  in  terms  of  distance  to  the  center,  the  equation  dbes  not  distinguish 
whether  the  displacement  c 1s  4io  entirely-  to  r,  -or  -partly  to  r and  partly  to  ; 
in  other  words,  a circle  with  given  radius  a and  distance^  to  center  c,  for/**  0, 
practically  unc;ianged  if  *fe"  3«t/->0  and  readjust  the  initial  nilbat/h  r in  such 
a way  as  to  have  the  distant  to  the  center  again  equal  to  c.  / 


' / , 


- - In  pr  Jtical  .•■•or:-  me  i us  .ally  giv*.-.  the-  radirs  -of.  bhv  circle  »*.  . 

~*f'  : ‘jeth^r  v Ws  tne  hi  .•■, to  In  r~\J  .■,;■&  ter,  pIlhVTTT' tiilB  " ■ ' A .A 

distance  to  she  center  cf  ine  now  circle  c:  and  it  is  required  that  the' radius  a ' ‘ 
*V*  rT  • , " * 0l  ^.ej^ar^CTTl^Cv-:  This  require***  iuy  jbe  «et  wit*  , 

„ ® ^ f U ® ^egaing  ti.wry  but  the -rr7re.nl on 3 always  involve/*',  which  la  an  / 

. ‘ ^U1<‘  crt.  - in  ilia  1 mismatch  r.  ,7c  therefore  obtain  approximate  results 

4 !'  *r-y  r3'tho,J-V  U3ii^  Ule  ****  .theory  to  estimate  fcho-error,  * In  the 

airV^K  1*®  fTVeQtionai  V8ctor  c:iafar-m  u-3  to  tne  result  3(LQfln_ih  FigAnc, 
initial  mi  r,  ^ Wl13  iS  vali  ^ tncA*n“cr  of- the  circio  will  coincide  -with  the 

in  thi  1 f4  * ^ ' the  ra^U3  wi-iJ  he  tne  :;a;i.e  aa  for  a rihtchod  line.-  The  error  : 

fj  tht  t^8LreJ  -the  «^eyof^RhAaJtfl.3.ee  by:  (18)  while  investigation  , 

” thw  be}CW  jJ‘0v'.O£At*  tne  arrbr  in.  the  second  r 9 ah  It.  a*aot_  le  of 

the  order,  of  r^v-Tnere  txr,  -iOTTa^I  iy a fur  tne  r error  in  that  equal  increment* 

is  fitS‘?Iw5S?'.t0u<SOn,r3Wd  to  ^ual,  ^ereaenta  cf  IndA  whereaa  the  true  relation.. 
Is  given  in  (20)  , Here*  t-.^  error  is_cf  the  order  of  /°Ilt  and  we  thus  obtain  "the 

general  concluaioh  thfcLtne  vector  ad-it-ion  cf  reflection  is  valid  if  and  only  if— 
r , pR  can  both  be  neglected. 


•nmC.e5VSe/°riHi?ei1?d  ^‘C  ih0  ^flections  involved:,  are  very. -small,  *4 

d > «.  ^P^aiir^tlon  of  quite  a different  sort,  vir...  we  assume  that  the  mis- 

tebad  to  f wained  by  Va9r:-'  -ef-  e-iwr.lcaa' tuner,  tr.e  line  having  been 

match e~  to  free  space.  r-Ov-fmr  the  initial  position  of  the  stub,  ,(0  assume  that  the 
circle  of  radius  a ohtao«ri  »- — - - ..*  j 1 , . - ...  . me 


, a,  ' v . ~ 'V.^oauu  Vi  ,|Q  A83Uiae  LOAL  Ln« 

w^noee^hlt^tM  a°<  °1bta^iff  for  S s’-tc!-od  Ane.  w«3  centered  around  tne  origin;  and 


wa  a.,  r w,  ~ ~ vwiwfou  aruuna  uio  oriRixi i and 

* bhat  circla  will  be  translated  directly  upward,  on  -an  impedance  diagram.  - 

dTnce '?«  ^ (t'^' -&*>■  ToJ,Mhsfer  this  result  from  tho^- 

ti„  rp'iAt'l  to  the  re.,  lection  c.iart  usel-nere.  ,ve  use  tne  facts  that  the  transforms - 
tion  relating  tr.e  two  charts  is  analytic;  so  tnat  tangent  curves  go  into  tangent  ' - ‘ 
curves;  and  that  it  Is  bilinear,  so  tiui!.  circles  go  into  circles.  Upon  adding 

I'  properties  of  tnd  .Iran -.for. ayicn  we  tnrnr^btain  tne  diagram  of 

found^^T'  f-neW  Circlf*  V‘lLh  ;:di: etched  line,  i£r, terms  of  the  original  circle 

5 llnt  rfaS  natcaeU*  Dy  ®lcncr*t«‘Jy  plane  geometry  we  see  tnat  the 
new  radius  is  given  oy  ti:a-  e Ration  p^.nted  in  Fig.  ^ : ' — 

^ a **  £l+do  --  iJ.M.cao'  l"1*  ■*  4*ic  c],  2*  / x (22) 
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Pig  12  Construction  for  Circle  with- liiao^tched  Line 
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Fig.  p Fundamental  Angles,  and  Comparison  with 
, x I Conventional  Vector  Diagram 

1/a  ronark  in  pasaing/tnut  the  foregoing  discussiOh  does  not  assume  the' 
antenna  to  be  a passive  Aatv/oA ; that  is,  besides  being  non-bilaterai  it  aay 

contain  souroas  of  gHFr-yroviaed  only  that -the  coefficients  t,y^rr,  7*  exist  ^ 

and  have  values  independent  of  d over  t:.e  range  considered,  Bj  making  ua*  of  the 
fact  .that  .it  is  indeed  pas  dive,  vye.  obtain^*Vnui±er  of  properties  of  the 

antenna  itself.^  whIth-properti>a-are  summarized  in  Kef."  need  not  bo 

repeated  hiure..  . . v-  . . . . _ • _ 


and  center 


yihere :•  — 


/«  ««pUo  ) •*  «.q>(lr^);.r«>*iA 


X>  ' ) 

A aZpjA&l  ■ * rp-ir  exp  iV fc''H*r;  --  \ rf-  tTexp(lZi]  (15  ) , - 

/ilka  moat  of  tne  ethers  given  above,  t!ds  result  follow^  f^->re.»gly  _froa 
• In  phtTOuiar  it  j vallx.  for  a ambilateral  networic, 


• t*  -.  Tftatr  a circle  is  actually  <?bfc?7  o«g  .r.as  oeeh.-ab-j^oajreijrvai'li  1 od" in  practice,.' 
t.>j  only- except  ior.3  oc curing,  -at  gtotyc,.-  •■tun  /e  aue  ajaetal.  sheet  very  close  to 
the  antenna?  A^coitple-te  curve  Cor  t?.J  s' .maaloua  case  is  given  in  rig.  £ A 

— v-  it  bappoH3.4^lut_an  elllpac-  fit.;  i-;ia -data  within  t;*>  experimenter  

error  j but  nd  generc.i  theory  has  been  d.3i:):ie<U  Xue.acre  combo  situations 
of  e-dieleotric^oheet,  cr  tsot-ii  ool  hoc  c.*.o:n.  to.  tie  ahUnna,  ej-e~ae scribed  in 
detail -iTBlow^  In  particular,  the  accurac/  eitn  widen  the  turve  is  -3  circle  is 
illustrated  by  Fig , A.  1 — , .wh-ru  .d.9  nrtxAinu»t  deviation  corres;>onBbr;- c-ot-^^-errei"- ' '■ — 
of  ortlv  about  C.lwa.  Ja  eeUwntSrr  'pobillon.  • We  note  in  passing  fiat, 

if  a plunger  be  movod  in  - <1  of  Fig.  7.  . reflection  in  antenna  d | 

wtli  a trve  on  a circle;  aid  u il  rsr^l,  uniilta-trfat-4tievd«ecrited4 -la  a rlgordui 
consequence  of  Maxwell' 5.  equations  ...dth  r.o  a pprojd aat ioawxWmtever • The  difference 
t fc©tweeq  the  two  cas-i  i*s»  araloqous/to  the  situation  rioted  above  lor  reciprocity. 

\ Besides  this  goncrxl property  V ^t  • ho  curve  ia  a circle, .a  nuaioer  of 

•d  c trier  result*  are  derived  in  Ref.  ^ , *d.c'n  wo  re-state  without  repeating  tne 

proof,  The  notation  there  given  Js  jut r .-tially  the  sane  as  that  used  here,  'the 

• ohly  differ er.ee  9 being  that.  f.  x -^iiu  1 01  l-jol . *-•  stunu  respectively  for 

A Z»rrdA  .and  d'fcxpflc’1  jjf  tne-  ;reasht  .tsstt. 

' , \ - — ‘ ' . 

- In  th  o — first  place,  .the  ci  role  -will  'bcWfcr-.in  the  origin  if  and  only  if  r/R<&.  * 
,„0)ft  c a W®  i*RZi  cor r33poncing  to  tr.e  case  lrj  wlixpii  t.ne  circumference  passes  exact'/# 
through  tne  origin  , ,\s  a second  general  j.ropoi  ty  *e.  find  that  t>*>  distance  froin  tie 

fixed  rasaaton  . exp(ir’J  to  :.he  point  ch  *.ne  circle  obtained 'for  a given  d is  equal 

td  _ * . ~ ■ 

H - r exp(ir‘ )|  - P.tY/  [l-2  Rpco3(VndA)-»^Vj  (167 

which  la  pr&pcrtior.al  to  the  total  oaplit-ude  txanaaittedvthrobgh  the  street  tor  - ‘ 
thrt  value  of  d°  \ 

..  v - •*  • ' . * v , " , v 

jw  * r.W(irn { * (total  tranenlittad  power?  Rf/T  * _(l?.r 


The  distance/froa  the- center  cf  the’ circle  to  tne  fixed  raiamat^  is  giv^by  ■' 

y ' ' \n(  exp  ( to : )-r  -exp  (*r:  )\  tT^f-1-  ^Rrt"  — — — — fl&f  , _r  — 

or,  in  terns  of  the  raclious  of  the'.circie,  "" 

\o  exp(ic»  )*-r  e»p(ir«  )|  (i^)^  ***" 

Another  property  of  the  curve  is  found  when  we-  investigate  tne  details  of  its  depend- 
ence on  d,vla.,  if  <p  is  tbecahgle  between  the  radius  to  the.point  and  the  line- joining 


wT,  ...  xZ^«uK 
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’-v-yf-r-  constants  being  adjusted  tor  give  an  t;;act  fit  at_  four.. value*  of  d.  • 

^ experimental  di  ffitulti S'»  ani. 'tfhe  apprt-.cii.iate  character  Qf  the  - 

theory,  the  agreement  is  bell  eyed  to  be-  quite  satisfactory  and  both  the  assumpt  ion 
aa  to  attenuation  and^at"  concerning  A./2  periodicity  ore  adequately  confirmed* 

tfe-raraark  in  passing  that  there 'is  a rati.or  well-dufined  po$nt  at  which.-  the 
Fraunhofer  theory*  *8  Opposed  to1  the  Fresnel  theory,  begins  to  agree  with  experiment.’ 
~ ^n"  connection  with  a.  different -'problaQ  freef  that  con Jidered  here,  an  approximate 
f omnia  was  derived  by  a.  J.  Masen  for  the  tfistMfe  d*.  ab  which  this  transition 
is  observed,  via.,  4c*=aA  if  A le  tne  aperture^rea  and  K the  .wavelength,  This  ■ - 

result f derived  in  Ref«-  5--*^r  fte  oaee  of.^niierm  illuainatldb,  has  been  tenia* = 

tively  extended  by  Ur.  Mason  to  the  case  of  non-nniTora  illumination,  for  iwiich  * 

the  equation  becomes'  d^.^fA/,%  where  f is  the  factop  of  the  anteanlC;  l.e. , f le 
, ratio  of  • its  actual  gain  to  tne  gain  of  a ’.uniformly  illuminated  aperture  of 
the  same  size.  In  applying  this  result  to  the  case  in  nand,  there  is  difficulty, 
in  deciding-  just  *h*t  value  of  d shall  bo  taken  as  zero,  that  is,  in  deciding 
-5*1  the  ^precise  location  #of  the  antenna  aperture  This  difficulty  -was  met  by  taking 
the  apparent  origin  of  the  rays  as  tno  point  fro*  which  the  distance  should  be 
-measured*  which-appareht  origin  is  given  by  the  constant  b of  gq.  (11).  4ith 
thie  understanding,  the  value  of  dc  i?  givsn  by  fAA.«U,  a result  Wiicn  agrees” fairly  - 
well  with  experiment,  as.  we  see_by  tike  vortical  line_s  drawn  in  Figs.  34, 4^'!,  151 
" T " *.  ‘ - . N 

tleneral  Case,  Normal  Incidence- -Procecdim:  now  to  the  case  in.  which  the 
antenna  need  not  •bq^maOehed  to  free  sp_ce,  as  assumed- above,  we  find' that  the  absolute 
v^lue  Of  w ia  considerably  mare  com,. lie., tod,  .If  we  retain  the  complex  form,  nowever- 
the  theory  can  be  expre^pecTIa  comparatively  sfcrvle  terms;  and  the  effect  of  r ie  " 
readily  separated  from  tnat.  of  P , a uistinction  .vnich  is  almost  impossible  to  make 
if  we  use  the  absolute  value  alone-  . • ‘ ' 

r ‘ 

With  this  complex  represehtatioa  jthe  data  take  the  form  sh ovei  in  Fig.>  10, 
ln-4/hich  v.e  plot  amplitude  of  yie  measured  reflection  versus  its  phase  in  polar  1 
co-ordinat^,,  thr variable  d not  appearing -expl^cltljr-on ‘the  “curve.  '“If  “the'eoeffi- 
oixrits  .ff  tjt'are  independent. of  distance  cvbr  the  range  considered,  it  was,  jroved  - 
by  t he  jt-b.eory  of  oSoforraal  transfonr.atiohs  in, Ref.  ^ that  the  curve  will  always  ‘ 
be  a circle  with  radius  . ' ’ — 
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It  has  bean.asouir^d/h-aretpiore  tnat.  the  ohe~t  J.s  in  Lpe  Pfeane^  reg ien  of  $h* 
antenna,  _a_o  that  the^jaitaiiaai^n  coef  f lei  cnta~~T7T*  are  substantially  independent . 
of  the  distance  d front-  antenna  to  sheet.  W C33e  this  cortfiiltion.  is  not  satisfied, 
the  theory  of  Images  suggests  fetiat  the  reflection?  will  be  inversely  pro- 

portional to  d,  measured  from  some  suitable  point,  if  d is  sufficiently  large,  • 
(3ee  Fig 4b a ) • Thus,  the  reflection  3hoa^ld  be  constant  while  the  suedt  Is  in  the  ' 
Fresnel  region,  and  it  shouitf-decrcdae  sy  l/d  7dieqr  it  is  in  the  Fraunhofer  region 
a conclusion  which  is  verified  by  the  curves  of  Figs.3^10. ^,1?.  Except  for  -* 
these  curves  went  nbtainad  in  the  usual  manner;  tuat  is,  a fixed  value  was  gi  ven 
■ m to  di  .whereupon  the  reflection  wa3  .acasnred^by-an  -ordinary  standing  wave-  net  actor, 


a maximum  and  a mini  mute  -wae  -ref-lac  cd  by  the  Average  value  of  these  extremes,  .the 
maximum  6r  minimum  of  the  curVv  ituelf  beingtuscd* whetne^or  not  it  happened  to 
- coincide  exactly  with  one  of  tho  points.  The  average  so  obtained  was  plotted  as 
• one  point  on  Fig.HO  j and  taps.  Fig.  “|  C gives  a condensed  version  of • ten  curves 
similar  Ifi-thoae  of  Fig.  3**  . In  tneir  original  f onn, • which  took  too  ouch  space 
for  Inclusion  here,  these  complete  curves  all  had  the  general  appearance  as 
these  of  Fig.  3°f  » and  agreed  equally  well  with  tne  theory. 

; • - ‘ * . _ ' . \ » _ 1 , 

_ !_.£«  have  just  seen  viat  vne.curve  dgea, In • fact  decrease  and  that-the  distance 

for  irtiich  this_. decrease' first  becomes  apparent  inereasesjds  it  should, _wlth 
antenna  size.  For  quan4fetive  investigation,  the  theoretical  curve  for  Fig- 
and  the  envelope  curves  for  the  ot,.er  figures  rrere  obtained  from  the  equation,. 


envelope  e a/(b-d) 


(d  large) 


where.. a,  b • are* constant?  adjusted  to_givtr  pptirtuhf  nt.'  The  constant  b gives 
the  effective  center  of  tnc  feed,  is.^the  point 'from  .Jhich  the-  rays  appear  to 

diverge-;  and  henee  it.  rau3t  be  the  sane  foh'both  the  upper  and  the  lower  envelope* 
This  condition  vas  satisfied  in  the  curve3  in  question,  so  uhaV'bnly  one  parameter," 
a,  was  adjusted  to  obtain  a fit  ;dth  tho  lovur  curve  once  the  upper  one  had  been 
found.  Besides  this  agre^.er.t  of  the  envelope,  whitfr 'corroborates  our  surraj.se  that 
the  reflection  ie  inversely  ^ro; oitionul-  to  distance,'  my  obtain  a more  detailed 
theory  by  combining  inverse- di3tanoe  attenuation  .fith  fhe-results  of  tne  foregoing 
pages,  Thuy,  the  apparent . value  off  for  the  Fraunhofer  region^whicn  is  onljra 
second-order  ef f ect  in  .ary  case,  say  be  as3ucxid  to.  decrease  as  1/d  with  the  same 
effective  center  as  that  found -by  tne  above  operation  on  an  assumption  Which 
leads  to  the  modiJied.  font  of  (7)  - . 


\ \ = a \L+c  sin (iiTrd/^-.+o  )J  /( b+d ) (d  large) 


if  we  note  that,  for  tho  Fraunhofer* case,  R .is  always  small  enough  for  the 

vallai ty  of — 4&)»~ — In  this  equation  thv  ;o<wtaata  a,  b play  the  same ~role  «»  ip 

(11),  while  e accounts  for  the  phases  R>,  p 1 and  c is  the  effective  antenna  reflec- 
tion appropriate  to  the  Fraunhofer  case.  The  3 in©  term  . still^a  period  ?w/2^ 
-according  to  the  simple  t..eory  here  used,  -sp.  that  the  distance  between  successive 
mjdm'  or  successive  minima  ougi.t  to- be  very  nearly  equal  to  a half-wave,  even 
though  the  cunr„e  itself  is  not  periodic-  To  verify  these  conclusions  the  data  of 
Fig.  M6  were  obtained,  in  which  tne  points  ax*6  measured  red  lection  versus  distance 
.in  the  Fraunhofer  region  of  <a  horn,  while  the  curve  is.  theoretically  computed 'from  — 
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- . ^Aa  was  tfie  ca se  for  transmission,  hepe  too  the  predicted  half -wive  periodicity  .11. 

has  ess®  rspeafcedly  noted  in  pradtice,  tnc‘only  exceptions  oocuxing  when  s natal 
sheet  ia  placed  very  close  to  the  antenna,  or  when  the  sheet  is  in  theFraenhpfer-— - . 

1 region,. .so  that,  there  ia  inverse-distance  attenuation.  In  the  former  case  the  aiaple 
' theiory  her^developed  eould. hardly  be  expected  to  apply;,  and  in  the  latter,  a ^edified— 

' theory  itiidL^akes  account  of  attenuation  but  still,  assumes  a kind  of  half-wave  per- 
,;-i«dielty  loads  bo  aSceHent- fgreecen*  iSth  experiment,  *ar*e  shall  see  below,  _ - 

Similarly,  the  variation  ia  accurately  sirmjoidal  if  the  reflection  coefficient- 

S ia  not  too  large;  Indeed, _ auch~ variation  has  been  observed  in  our  work  without 
. except ion  wta^evor  thft^trihcting  cfceet  is  a dielectric.  For  the  case  of  a metal 
ehnet,  on  the  other  hand,  the  predicted  behavior  is  found  only  when  there  is  a 
reasonable  distance,  bet’vesn  shoot  <.vnd  antenna,  the  requl rml  d stance  becomi ng  larser 
as  the  wavelength  decreases.  From  the  fact  that  such  nod-sinusoidal  variation  is 
quite  accurately  periodic,  ons  would  conclude  that  it  is  cot  due  to  the  back  lobe  of 
aad  fch^3  conclusion  has  bear,  proved  by  the  use  of  a horn-antenna,  for 
^ cf  radiation  other  than  the  aperture,  is  present  (See 

^ 5 on  T3rPiyf  ixAnPle3  oT  sinus oid^L  variation  arfi-given  in  the  top  curves 
of  Figs.-3Tr  and  ^ l while  the  anomalous  banavior  noted  with  a metal  sheet,  expeel  ally 
et~th<e -shorter  wawaln^tba^aa  m^rr,tod  in  Figs,  A L t£  . similar  exanclerire 

wl-m  d Is  mall.  In  F1E.  3f  udV'1!'?,  : .’  .'.IrS,  Mt- 

-IA  5—  it  is  clea,-  that  the  slightest  variation  in  the  angle  of  incidence  ^-produces 
a large  change  in  the, shape  of  tha  curve;  aad,for  that  reason  it  is  to  be  expected 

t*kt5a-Aggp’,yt  nr'^-s^nuj^idal  variation  would  be  quite  complicated. 

- Thi»  vi-xtical  dependence  bn  angle  is  ‘ifi  marked  contrast  to  the  periodicity  with 
distance,  as  vk  -see  by  Figs,  .fl  , H i and  B»re»  particularly  by  H 3'  ..  tfe 'note  in 
passing  that  the  greater  emphasis  h*re  given  to  the  aao.mlous  case  is  due  to  its 

' 21^ct®r  interest  j while  only  a few  tholes  of  sinusoidal  variat ten-  are  included, 
this  is  the  case  which  is  by  far  the  ’wat  ccfr*on  in  practice. 

_ * There  are  a arvoral  other  proper-tie a i-nich  nay  be  readily  chocked  by  experiment, 

one'ef  the  moat  important- being  the -facL  that  the  average  height  of  the  curve  should  “ 
be  proportional  t o R for  c given. ft/itenr.a  (gq.  (10)).-  Because  of  its  particular 
relevance  to  reflection  coa-iuceasn't.  a special  investigation  of  this  property  ia 
made  in  Part  V below,  nhsre  we  find  It  to  be  accurately  verified  in  practically  all 
situations  of  practical  importance.  It  is  analogous  to  the  fact  that  average  received 
power  should  be  projportional  to  T''  for  the  caao  of  a transmitting  eheet^fpart  n — 
above),  and  the  verification  of  tnia  property  has  likewise  been  deferred  to  the 
section  on  measure rtfant , Part  7.  As  for  the  other  tests  made  above  in  connection  with 
a transmitting  sheet,  it  io  clear  tint  they  too  have  their  analogues;  for  the  most 
part,  in  this  case  of  reflection;  but  the  sources  of  error  are  much  n»r.e  troublesome, 
so  that  the  corresponding  tests  for  this  cabs  would  not  be  very  reliable.  Not  only  ~ 

—la  thaca  a.  large  error  due  tot  lie  initial  mismatch  r.  which  oanrtot  be  reduced 
socactly  to  zero,  but  reflection  neaeuronent  ia  more  difficult  than  n»rely  taking 
a receiver  reading ; and  in  addition,  many -results  which  were  formerly  of  the  first  i • 
order  in  R .became  of  the  second  order  when  we  deal  witt^  ref  lection.  This  latter 
difficulty  is  obviated  if  we  use  a metal  sheet,  but  then  the  theory  does  not  always 
apply  with  accuracy;  and  on  the  other  hand,  the  use  of  a dieleetric  sheet  requires 
measurement  of  small  variations  in  a reflection  m»ich  is  itself  small.  ^Jfoia  - . 
difference  between  detailed  reflection  and  deiailedtransaiasicw  ptoenoataa  is 
analogous  to  $be  different  between  Fig,,  5 and  the  other  figures  in  the  text,  of 
Port  n»  For  these  reasons  we  rely  ■exclusively'' on  transmission  rather  than  reflec-  f 
tion  measurements,  for  entails  of  the  behavior,  of  ^ . . v 


Uf\  to  thid  y>oint  Y 10  have  suggested  an -explanation  lor.the  observed 
<wpendancir of  reoo^ved  pov/er  on  distance,  and  then  tested  the  validity  of  the 
explanation  'by  a number- of  experiments-  speciflcally^brected  to  thatrind.  ' Be-' 
j^CAUse  the-  sheet  is  in  the  Ereshel  region  of  the  antenna,  and  becatus«%of  the 
similarity  of  th%  observed  results  to  tl>e  well-known  'ripple*  oS“ 
diffraction  phebomina,  I t v-6-jrj5d  h e_ na tural  to  a is  time  that  the  effects  here 


\L 


M . r — _ * w 1*0  cimsucf  imrm 

considered  are  due  to -ordinary  Fresnel  interference,  that  is,  to  the  intar- 
C*P~  _°n  0:^  a ▼wring  hunt  er  of  zone^Jon  sheet  or  antenna  as-the  4istar»*Fin 
varied.  Judtrnrc dn elusion  would  be  particularly  natural  because,  in  taking 
, transmission  versus  sample  sise>one  solcounfcfrs  effects  that  are  unquestionably 
/ due  to  diffraction  of  t*ho  usual  type;  and  in  certain  experiments  inYolvS^taf" 
*eete,.  one  notes  irregular  effects  which  suggest  Fresnel  interference.  Nsver- 

ttot-  the  existence  of  an  equivalent  refleo- 
; ion  coernci^iL^for  tne  antenna,  n's-^ssumed  above,  represente  a more  accurate 
approximation  to  the  actual  mechanisa;  ]not  only  is  this  assutfptio n fairly  (don- 
_ sletent  with  experiment,  but  it  has  been  considerably  more  fruitful  in -oredictiiw 
Uoroov®r‘  no  explanation  baaed  on  ordinary  iS^ferencwiiaw  tJOL 
T1** /firoea  with  the-half-wave  periodicity  so  consistently  observed, 
*dthjhe  dependence  on  tuning,  or  indeed  with  most  of  the  other  experiments  Just 
described*  Since  additional  verification  is  found  in  many  of  the  results  obtained 

of  the  following  discussion  will.be  written  as  though  the  existence 
oi  f>T»as  been  definitely  established.  — ~ - * . 


Ill-Reflecting  Plane  Jheet 


1*  fetched  Line,  formal  Incidence-* For  the  overall  reflection  into  tne 
Hne  of  antenna  *nd  sheet  arranged  as  in  Fig.  lat  the  methods  used  to  derive  (1 } 
lead  to  ' 


^ * r exp(ir» ) 


. Rt  7 expl(dndA>t  > ) 

i ir  p«c^t{dmiA,)' 


- ((>) 


*1®°  a rigorous  consequence  of  oar  fundamental  assumption  concerning 
t,  1 •?  » Without  additional  approximations',  ;Yhen  r?0  it- is  mere  cbnvenientto- 
use  the  complex  value,  interpreting- (6)- ahx  a - conronaal  traAsfoxtStionV  and  this# 
is  the  procedure  follmed  for  that  case  in  Part  III,  2,  below.  When  r-0,  however- 
the  absolute  value  takes  the.  simple  form 

• P.tr/[l-2R^cos(^nd//v.)  , (r=0)  (7) 


,\ 


which  glves-thc  amplitude  reflection  directly  for  the  case  in  which  the  rnten.'--. 
is  matched  to  free  space.  Je  see  that  the  curve  should  be  periodic  with  tcriot 
X/2,  that  it  is  sinusoidal  whenever  R is  small*  — r 
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M - Rtr[l+Rfcoff(i,TTdA.)] 
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Cf  R^i 


(3)  _ 


''khe^ixole  it  is  4jlosely  analog  offir-fco  t he  transmission  variation 

*alU?VbT  ‘taia  reflection,  -grp— (7}-  gives  - 

reshli  f6x  which  is  identical  with  Eq  t5)- 

•(S-m)/(M4m)  . , 


> • ea 

'and  the  reflection  P may  be  eliminated  as  in  (3)r 

Rt^-  2fe/(fea) 


"}) 


(10) 


Resides  their  Utility  in  ctner  'investigations  to  be  Considered  later  on,  .;.\u;,b 
.relations  can  be  used  to  give  additional  verification  of  our  fundamental \l- 
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le'Efltraen  receiving  dipole  and  Incident 
iaatlon  in  derreefl 


Verification  that  the  Effective  Reflection 
ie  S'Jb3t3Ati&Iljf  iniicperdcntr  of ion 


A final  experiment,  which  tends  to  distinguish  between  It  ne  _pqss_ible  mechanisms 
suggested  in  Figs. ^9b,  . 9b,  is  to  take  ^ ^-vewea-alsmatch,  ■ Trtps,  if  9a  represents 
theTruo  state  of  affairs,  the  value  bl  ^ should  be  independent  of  tuner  setting, 
areas  if  9b  is  corroct,  then  ^ nay  be  Sxp©ct«d^o  vary  ' linearly  with  r. 

Fran  the  fact  that  Is  approxi safely  independent  of  distance,  in  the_Freanel 
region.it  appears  that  Fig,  9b  is  the  more  plausible;  end  furti.er  verification  - 
is  given  by  the  follovdn^  curves,  in  which  ^ w/s  measured  by  means  of  a reflecting 
sheet,  as  described  Xhpve,  for  various  tuller  a/ettihgst-  - - ' 


lb"  x 5.4"  f,  X =~!*T  l/u''  plywood  sheet  for.  R ^ 
• X Repeat  about  a rcnth  later  v/ith  slightly 

different  © /% 


X- 


X first  ma5c.',  min. 

> average  max.,  min. 


: ' c) 


Fig,  9 Dependence  of  £)  on  Tuning 
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. large'  cxcertmuntal . error a.th-.  ft  iihVTir,  33  *V  o.rouio  be,  ana" the  ' ~- 

V Slues  for  -b  obtained  ir or.  t he  slopcc  .are  Irt-.  jiJTfNfW-wit.'.  t-.ie  otr.er  experimental 
results  obtained  abc-ve  (o.g.,  witn  Fig'.*  >)>>*  * • \ ^ 
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In  the  experiment.!  ascribed  hrtnorto,  the-r.eceiving  antenna  has  been 
polarized  in  the  same  direst!  on -as  tie  incident  wave.  If  this  is  not  the  case. 
aflSvths  sheets  are  i sot -op  I c7  then  we  ,uay  resolve  -the  incident  wave  Into  two 
ccoponents,  one  parallel  ard  one  perpendicular  to  the' direction  of  the'  receiving 
dipole.  If  tike  por^enoicular  component  retains  its  direction-  of  polarization 
^ftfer  successive  reflections  between  Antenna  and  sh^et,  then  i t iwty  h«  jasjgliect ed 
althgettuer  as- ifc_sanrtot -enter  the  line  a:;c  contribute  to  receive!*  reading  at 
any  st3ta  Of  its  career.  Thus  the  component  parallel  to  Ule  receiving  dipole 
is  the  only  dne  that  need  be  considered, lienee  we  conclude  that  the  net  result 
is  the  ^tme  «s  it  u^guld  be  with  a transmitter,'  of  lower  power,  pola 

_ oj  ...mi  mum  to  minimum  received 

edt  JSTCved,  Should  not?- depend  upon  the  angle  Y/-  between  the  ‘ 
receiving  dipOle-ana  the  IncldSnCpolarizatiorf,  a conclusion  w;ilch  is  "verified 
within  a ffw^^er  ,cent  by  the  .lollovdng^x^i  imental  edrve.  The  procedure  Was 
similar  to  that  alreauyi  described . * 


Jh«  condition  of  perpendicularity  la  father  critical , tm  up  shall  see.  below! n?- ^ 
~ connection  with  reflection  measure  uents>  ana  in  the_early  experiment s here  ’described, 
the  adjustment  was  not  IBttde^  aa  careTi ully  as  was  found  necessary,  by  later  experiments, 

- ?or  opt^Bwua  result!. ~ In  view  of  this  qualification,  it  is  bplieved~that  ihe  data  - 

of  Fig. 3d  corroborate,  while  data  of  t .e  type  aaown  in  Fig.  6 do.  noCpontradict,  _ _ 
our  fundamental  as  sumption  as  to  the  nature  of  i>‘  <•-  For  msaeurecieatflr.of  ntfaeer  on 
tfe?  other  hand,  the  expected  sinusoidal  variation,  wuich  again  depends  ,* has 

▼WT^accurately  verified  by  more  rodent  data  taken  at  TC-band.  Hot  only  is  a- - 
sine  durve  the  one  that  gives  optimum  fit A„bttiuJUm.Xih  it self  is  well  within 'the 
8xp«rimentift.l  nrmr  af  ttwi:  nmiyiiiquMal,  and  the  period  has  its  predicted  value 
— - ef  preciealy-X/2  (see  Flg43 of  Ref.  ). 

: Besides  the  apparent  decrease  of  f with  angle,  and  the  sinusoidal  variation  - 

with  distance,  a third  check  on  the  nature  of  P’.may  be  found  by  the  use  of  a second 
gheet.  Thus,  if  the  antenna  truly  ha*  an  equivalent,  reflection  coefficient,  then 
the  overall  reflection  ft  of  ah eet -plu*-eat«nna , arranged  as  in  Fig*  5e/  should  obey  ' 
the  usual  equation  for  reflection  versus  separation  as  the  distance  i*  changed.'  »ie 

a(*d  a second  sheet,  as  In  Fl&»  Sb.  and  proceed  to  evaluate  Ihe  reflection  . 

orthe-antenna-pln  e-sheet  combination  by  the  oet..od  described  above.  It  is  < portent 

that  the_xolss  of  the  two  sheets  he  clearly  understood;  Sheet  lid.  1 represents  part 

rt_  ^jS  bptwma,  that  13.4*0  say , part  of  the  .system  being  measured,  whereas  sheet  \ 

- used  to  dot  ermine  (?,  ajpd  thus~  it  represents  part  of  the  measuring  equip-  V. 
ment.  With  a given  v^»*rt  for  the  voltmeter -reading  was  taken  versus  jfc~£ a 
total  range  ef  about 'b  cats,  in  steps  of  1/2  cm.,  wharmtpftn-«^  expert iasnt  was  re- 
peated as  described  above,  because  the  transmitters  at  that  time  41%^  were^bt- 
particularly  steady,  Jtaxt  thedl  stance  p wan  increased)  by  1/2  ea.,  the  entire-’  - 
operation  being continued  until  D has  experienced_n,btai;variation^of-t.5  cins. 

The  value  of  p for  the  antenna  alone  was  found  from  Fig*  ~T  of  the  text,  and 
finally  the  refloat  ton  coefficient  -ft  -of  each  sheet  was  determined  by  the  procedure  ~ 
of  Part  II.  Knowing  ft'-ztbgethenrt.th  R one  can'  predict  the  variation  nf  U/m  q 
Jfith  D or,  which  is  the  3ame  thing,  the  effective'  refljction^, for  antenna-plus-  ■ 
plywood  as  D is  varied.  Thja  predicted  result  is  given  by  the  solid  curve  of  *t~ 

Pig;  5c  whil-eJthe  experimental  points,  obtained  for  1/2  .cm.  intervals,  are  repre- 
sented by  the  circles.  The  agreement  is  believed  to  be  as  good  as  could  .be  expected 
in  view  of  the  many  sources  of  experimental  error.  u ■ ~ * 
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A second  cftecjc  on  'the  exiatenoe-  of  an  equivalent.  relJnebiar'coelflcfent 
i»  tjjat  the  "variation'  with  diatance  la  aphroxiaately  «i  npwMHA'i  r Tn  f.h«  eaaia 


ainuaoidal 
ot  alaaya 


M*  aocurafcalor  a aina  curva  aa  waa  M oaaa.  for  eXaaipl*,  inilg/3  g>  • Thla  dia- 
orepancy,  '•hich  la  llluatratad  bjr  Fig.  6.  ia  baliavad  to  be  oauaad  by  a failure 
exactly  perpendicular  to  the .electrical  axia  of  the  antenna. 


fence  the  reading  i«  dete*ndned|e»pentially  by  the  resultant  field  at.  that  point. 
In  the  case  or  the  4)  lane  Jeheeti  on-the  other  .land.  -there  is  a strong  selective — 
motion;  aotsOnly  doy  one  obtai^aa  average  over  the  whole  aperture  but  plane 
waves  making  an  an^'^thu^5-^«ia  are  reflected  back  into  the  .receiver  at  twice 
. below,  tpeir  net  effect  ia  considerably  r«~ 

atCbd  in  asst  cases  • •<1  A sis'.  <;nDfl.  ff  ererree  between,  the  'two  net  node,  of  nM«u>4A>  ■ 


N ' in  • woat  cases . 1A^ aiidJM^m  if  ererree  between  the -two  net  no  da  of  ineasurlhg 

^ is  found  woen  n&  cchalder'  the-  back  lobe  -bf-tnc  feed  in  the  Vecelving  antenna.  ' 

In  the  case  of  the  dipole  j>robef  th}e  back  lobe  frequently  contributes  a large  \ 
share  of  the  received' poser;  for  the  dipole  intercepts 'only  a email  part  of  the  \. 

• >aave  reflected  frojp  the  dfaht^sHCW  It -intercepts  practically  all  of  the  power  • - \ 
in  the  back  lobe- when  close  til^b^ntenna.  In  t he  case  of  the  .sheet,  cc  the 
- contrary,  the  whole  of  the  wave  reflected  from -the  dish  is  intercepted,  while  the  - 
effect  of  the  back  lobe  is  made  negligible  by  inverse-distance  attenuation  (see 
>a*  3c).  Th&£, are-actraally  enocunterod  In  practice  has 

~ wriflod  number  of  experjmpQ  fe:  the  jaeaaUred  mflortt^  - 

t ’ , ■>  frocedure  of  Fig.  Js,  lai  found  to  vary  over  an  extremely  wide  range  - 
as  the  distance  to -the  exploring  dipole  is  changed.  • The  results  are  difficult 
to  duplicate,  as  the  slightest  alteration  ln^ the  position  or  geometry  ofthe  rH- 
fleeting  antenna  producea  large- changes  in  the^final  result.  Tliet  ouch  of  the  * 
difficulty  is  -due  to  the  back  lobe^of  (ha.  feed  hue  been  verified  by  curves  in  idi^ch., 
the  receiver  antenna,  is  polarized  at  fight  angles  to  the  direct ion- of  polarization 
of  the  Incident  wave,  so  that  the  chief  cdntrlkuMon  fr.n  the  reading  is  due 

to  the  wave  reflected  frdn  th,e  dish  directly,  rather  than  to  the'wsve  re-radiated 
from  the  feed.  . ..  ^ 

In  this  .csss,  the  variation  with  distance^  ia^greatly  reduced,  thougn~lt  is 
still  considerable ; but  the  information  so  obtained  is  of  course  not  applicable^/  ' 
to  the  normal  situation  widch  is  the  one  in  .which  we  are  intares.ted.  Throughout  x - 
— the,  following  discussion  We  shall  accordingly  determine^  by  means  of  a plane  •> 
Sheet , as  suggested  In  Fig.  Is,,  the  fundamental  equation  now  beiflg  - - 

' ( _ ' (M-«)/(M+*)  7 7"  (5 f 

for  ^ in  terms  of  M^,)n  the  maxi  mufti -arrr  mj  ni  mim  received  power,  as  the  sheet 
is  moved  and  R,  the  reflection  coefficient  of  tho  sheets  Pith  this  procedure 
a number*  of_aoparate  checks  on  the  existence  of  the  equivalent  reflection  p have 
been  found,  and -it- has  also  beam  possible  to  decide  tentatively  w.ietuer  the 
^reflected  power  la  re-radiated  from  the  dish,  be  in  Fig.  or  from  the  feed 
as  in  8b.  • "T~"‘ 

In  the  first  place,  if  the  observed  variation  is  cue  to  a plane  irave  re- 
radlsted  essentially  along  the  axis,  as  we  assume,- then  the  dependence  of  received  — 
power  Oft  distance  should^  decrease  as  the  angle  between  the  dielectric  sheet  and 
the  avis  Increases  (Pigs.  ftsp  lbV.  "- That  such  behavior  la  actually  IounH~y>ae  T 7- 
beenrepoatedly  verified  in.  the  course  of  routlne-taransrdTssion  measurements ; afod  for 
qualitative  investigation  we  also  give  the  . curve  of  Rig.  4c  lor^Jdv  the  data~¥sre' 
tftkcti  aa  fallows ; ^ ,71th  a given  value  for  6,  a ^complete  curve  of'* transmission  versus 
distanoe.  dfce  taken  for  variation-jo  amewliat  exceeding  h half  wave,  t Midpoints  being 
close  ebougu  to  insure  that  ho 'unexpected  maxi  .muni  or  nylnlmifw  woula  be  overlooked* 

To  check  for  ^wmamitter  variation  tho  curvs  was  Immediately  repeated,  so  that 


'V  - 


""  r-  _ . 


O:., 

v .. 


21tovf-(k+ffl) 


<*! 


..  S'?1?*"1  th“  daU  «*»«>  iA  P»rl  V-twriOT.  thls^radidlcirTa^verli'led  b»- 

/ WmJL’ ■■-W.Wi'iffh  complete  curfes  off  trananiaaion  veraqa  uiatanoe  are  taken  c 

°*  f • In  ««<?h  ease  the  curves  are  normalised  -to  give  the 
- '^ioloctric  sheet*  anu^tne  dest'f ittihg  ihnbretical 

on. -M*  (21,  are.  found  3ulte  accurately  to  have  the  same  a verdgt  ' 

• 5i.«Ur8  alao  »nowa  the  expected  sinusoidal  variation,  incidontlr,  and 

— .^Q.  ahqgk.Xor  tianaxal jtt,ar,..iuatwari.i,n aas , ell  jwperimcnkr^iirce : 

were  repeated  three  times,  onjy  uX1  ayerage.  .of  the  tnrefa  value*  for  a given-. 

* distance  being  plotted  in  Fig^A.  - - 

* . t . > -W  » * 


■-■^~rTeqall,*1'*nt.R>f.i<><:t'1°n  SLOg.  ffilssaj— iihU,  W.liSSZbin.  'ci..ck» 

- ”V^.!.S|McU  th*  “r0^'  h"*  •"«“»  rtfUcticof  1,  Of  .urnclit  l«SrtanS 
to  warrant  separate  consideration,  and  a nuntoer  of,  tests  for  Unf  ES  ' 

.accordingly be® _davi jed. ferrTap3_the_ap4t  obvio; s procedure  woulu  bHo-wTan 

exploring  dipole  in  aomewimt  the  same  manner  as  i probe  is  used  for  conventional  ' ' 

^ 7 ^-uremente^v  ^trio/soTZinT^ 

, weight  is  -iven  to  signals  from  the  trahsoitter  as  to_those_ref OacteffTF&i  the  re-  • 
ceiyer^then^thh  ‘ratio  of  reflected  to  incident  wave,  would  be  given  by  the  ~ 

V i ._  ' ---.-  'H  .... 

’ ■ ’ ^ (M-«r)/(I+a)  (4) 

^4ierf  caae  stand,  for  the  mayjmiun  ana  minimum  pounc.  received  by  the 

TOMfkd8htfcS  d3H-55?iS0  th«J*®o«ivwr  is  y&ried^Jiynmetry  of  the  dipole  may  be'  — 
Wified  by  repeating  the  experiment  with  the  dipole  turned  around,  so'  that  the 
side  lorraerly  facing  the  receiver. now  faces'the  transmitted  and  conversely. 


Received 


.Distant  Tranemitte? 


Dipole 


Sheet 


Jigole 

Jl.w  . 


v :t& - — .x- . n — ^ • »*  ^ u- 

"'v  ' * - ^Jt?<9^g«*3  Measurement- .of  ^ by  an  Exploring  -Dipole 


Tnis  procedure  is 


forward  ai 


• , but  more  careful 


i ■ • ...  :*  \ . , ««  1 » ^ vauww,  uuv  norv  cArtiui 

lnVeetiga|ron  inuioateb  that  the  >value  of  so  obtained  nou^o  be  ^uite  different 
from  the  p of  Kq.  (iy.  The' difficulty  U onat  ttoe  dipoirresponds  more  » 
with  equal  penaitivity  to  all  pinna  waves,  whatever  their  direction  or  .source. 


direction  or  source, 


->  -<r  . .v. 
< >!  . 


. u , 


•axis.  The  validity  cillhus  assigning  an  aouj. valent  reflection  coefficish^'Af 
the -antenna  is  inveetigatei  in  3°ro  detail  below  ahd  also  fLn  Fart  IU,'  wheipi — ^ 
^ we  JiAd  that  thfr  -^ngdicLpc:.  result 3 agree  experiment  whenever  the  sheet! 
ha*  a moderate  refleofctcn  g>effleie»tT^<ut,  tharV  la.  c<y\eiifiw»nhr<‘ igntegwragfec — “ 
in  certain^  cases  when"  the  reflection  bee  me 3 near  to  unity.  Further -investiga- 
tion of  this  and^-the  -go  ef  fid  lent  s;  t,Y  wilj.~be  ^veftat-eWrar  points  inHhe  ' % 
course  of  the  ensuing  discussion#  J'  - % . \ * *.. 

•'iith  theae^pr^iiminarles  we  may  writedown  the  recei^d\^n^~ijrure^om 


;cos " (4  n d/1.)  +'  ^R2  j 


* •*'  P e Pd^/^^^cos  C^n  d/A.)  ♦ ?. \ !(l)  X!" 

r";  T * " ^ ■ ' 1 . -•  • • ; ■; 

where- the  distance  4 from  antenna  to  s-jfee t ia^measured  in  such  a wey  as  to  — 
oancal  the,  phase  shjfta  fcV-ftV  and  PyHPo  stand,  respectively  Tor  the  reoeived  L 
v. power  with  and  without  the  dielectric  sheet.  This  equation*  w.iicti-  may  be  obtained' 


.51^-  Rofa'>-3or  gore  concisely  as ‘in  4j_.  is  a rigorous  conete^enSs  of  our 
Tundaraarttal  assumptions  CO  the  existence  and  niture  of  t ,Y ,P  ana  no  further 

mef  4 n ma  4 A t a _•»  -»  : a 1 • _ _ i _ _ V 


approximations  are  made  Id  ltse.deriv 
^_quentljr  the  caae-ln  horaal^racticev 


don*  whenever  f>R  is  small-  wh ieh  ie 
.(1.).  beccrt^3_ 


4>y  PoPr^Rco^ (4hd/X.) 


(e2  ^ 0)  (2r  — 


These  equations,  which  are  a direct ^conssqueqce  of  our  fundamental  assumptions,  \ 
lead  to  results  tifht  may  be  readily -^ojjpared  with  experiment;  anu  such  a qgjsparison 
will  in  turn  yield  information  as  t'dvLhoir ^validity  anu  tnat  of  the  under jj^hg 


In  the  first  place,  the  equation  predicts  that.  the  variation  will  be  periodic 
with  period  V2^_  a_propert/  found  in  all  the  experimental'  curves  hil.erto  obtained- 
— f©C-the  .Fresnel  region.  ..hen  tive  sheet  ih  sufficient],/  far  from  tTYe  antenna, 

"however,  th«*  amplitude  is  founa  t,o.,decrease;  and  this  too  id  predict  id  frqA  the'  — ; ' 
modified  theory  appropriate- to  that  cos's  (asb  below).  . Periodicity  of  this  kind 
indicates  that  the  observed  variation  with  distance  is  not  aue  to  Fresnel  inter- 
— the  ordinary  sense,  that  is,  It  is  not  uue  to'  the  successive  contribu- 
tions of  zones  on  antenna  -er-sneeb.  Indeed,  the- notion  of  conventional  interference 
is  repeatedly  disproved,  in  the  autuor's  opinion,’  by  a large  variety  of  experimental 
resulted  but -the  present  one, «w/.ich  has -been  observed  vdthoqt  exception,  is  parti- 
cularly convincing^  ^i,Ven  in  t‘he  Fraunhefer  case,  -for  which  the  curve  is  no  longer 
periodic,  the  distance  ^between  successive  ve  maxima  or  minima  is  still  equal  bo  a- 
half  wave,  ./•  remark  incidentally  that  half -wave  variation  of  tils  type,  whicnia 
also  found  below  for  the  ease  of  reflection, inuicates  on  -the  5a^s-of  the  present  - 
theory  that  the  pydomioant,moQe  in  tka-iegion  between  antenna  and  sheet,  is  the-  ; ■ 
planewav*  traveling  along  theaxla;  for  the  predominance  of  any  other  mode -would 
be  expected,  to  leap  to  an  cqvil valent  guide:  wavelength  for  U.is  regidn  widen  would 
either  ba.  un&aflasd  or  else  different  from  tne  fre<S\s&4<*&  W&VOlerigtir,  " — r"r~"  ^ ' ' 

'5'  x j * --■-  ZZL  • * - n4. 

In  addition  to^Chls  i>alf-w&ve  periodicity,  w.dch  tends  to  corroborate  our  * 
basic  assumptions,  ws  have  further  verification  in  the 'behavior  of  the  transmission 
coefficients,  flhun,  according  to  Eq.  (1)  the-  tran»i|ij aaj on  j snould  be  given— by  the 
harmonic  mean  of  the  oaximura  and  mixiiapm.  received  amplitudes  independently  of  the 
ahtenna  reflection  . * " . , 


% - • 


Orilfisr*  CMfficia ntw, ' . Tne  chi^Mw^r  - 


. k » - • - — r~rr -“>•“*  twBiin;ioni.a..  .me  cmoi  caiier anew  . 

betWeen_  the  tw  Cases  Is  that.  th*‘ja*fc  of  ini  line  between 7®  and  R.  la  (a), 

:£'L:  !jPe  SiXicOfix niu 1 3 "'jjropata ti oh  oT'/^r^aes,  while  it  is  tacitly 

SZSJSS wti-'it.  w - 


■*  / fuddamenfcatabdJLdif  the  free-dpace  lirte  needbe'coffsldere*.  . The  same, 

t — 1’a^  , 0/  ex^r  eased  by  a&y%n^  that  the  field  between  antenna  ana  an  Vet- .can  "be 
: mW,_  Vk r°. 811  l^loite  sat  of  plane  waves,  making  various  a^lBs*witfc<fcw  ” 

— ‘ ^ ^hat- ourasaamtiOT  ijr  essentially  to  Unlace  tuia  inilnitVlset  & 

t*?  £*****  °nh  traveling  t&Mc^toe  one-away  from  taw  ant eana . : Xt^i^bX  ~^r 

- . Tn ’ 1 ° iny*st3^*tB.  tn°  validity  -ot  this  hypothesis.  a«u  to  find 

xn  wnat  sense  La  should  be  regarded  ae  equivalent  to  lb.  — ~~~7  x *3£T/ 

\ X « Fr^“  linearity  or  the  ,ield  stations  for  ordinary  nntft""«V 

an£icl^ed; ««  ^ th^coo^Ucated  situation^' of  Fig.  la, 

-■  X the  coefficient  a it*,  trf>,  Hke^-other  amplitude  ratios/ will  * 

. . of  f ield  strength,  in  particular  the- equivalent  reflection  coeXfi- 

' .^“Lf ™ r*,ri*®tl0n  W ^uito  f*-operi^  be  Ktrodaced  and  treated — 


_ . . V--,  ‘ ' ~ a u v JUit7VU»COU  daa  LrftttLwK 

. >a-^fdinary  coefficients  ^nceboth  incident  and  reflected:  waves  art  l*-a.line  ^r- 
. ^tb*E^^_  ane  fif-prSpagee±tjnv  _ - f ; - -~.rr— ~ .T 

• °° V°„  ^ "e  reaartc  ^ove  neglect^  higher  raodes^or,  ' ~~ 

^ jrL!TelfV  it^M^Ves  °*kln*  *n*le  *ith  tne  aSia^4»^re*trfotien  --- 
«akes.  t#“  quite  different  from  the  ordinary  coefficients  of  pig.  n>*. 

specifically , we  hav^-nn assurance  that  the  reciprocity  theorto  will  be  satisfied 

■ £ ^Sf.“f;;.l°J;^Lit.l!.li,ieroper  ■to  9*»  **•«*«>  ‘iva&w*  m m. 


i*Vu.  ni  riTita  Utt-rL, 


and  thus  we  have  a rigorous  proof  of  the  reciprocity  theorem  for  antennai  as  ’** 

•'*»*«  of  other  general  results.  Nevertheless,  the  situation  of  Fig.  2, 
fcldch  Ipads  to  rec^roclty,  is  not  to  be  confuaed  with  la,  for  which  no  fe- 
^^o1ha*/>bem  T71*  iW9uinf>  discussion,  where  t,t  are  defined  ihwthe 

*^tioned  above,  we  treat  the  .antenna  as  a noil-bilateral  networic-^ 
„and  with  this  qualificatfonj/it  is  believed  thSt  the  introaucticn  of  V,^ 

represente  a fair  approximation  to  the  true  ?tate-of^aiiairt.  - 


•one  mode  only 


r .'.""  y . Fls#i  2 Typical  Situation  In  Vidchrili^  Recljirocity 
'n;.  ‘“V.  ^ — ’ Theorem  toy  ae  Applied  __ 

' ’The  coefficient-/*  ie  mdre  dif flcult>o  justify,  is'  the  re-rtdiation  of  toe 
antenna  is  c 


f 7 < 


two  to  the 

* 


f««n  sheet  and  diSh-  a^Ls. 


A final* u.  Ta  ■■  ...  ._,  >1 

relation  of  pa t tGrnr£E?fortr*i{fr  • >rv  ?u  ^ • 3Wrt'  •8BV  or  the  ward  is  $»•,. 

i«*«tigaUto\a?aMoSlliti  Wnofc  *.  i-otiUUjr  ‘ «*Huitiar- ««dou*  ’ f, 

«POrt^Mtlons  , 7‘ar’  °°±T-  *>  “•  Pr»«t  -i 

. (.hit  ^ hoWoVS—fcfr.ukM  »lj>roof  - 

' — :;  •"-  < , • . •.  _._  4—,  • — ’•  - ■>  ’•  . - '>  • •■“  ~-  •*.  \ 

■ “ vi ts?j$£S&ri 

"f^w.  ^ operating  s>eteo»,  used  i,he  longer  wavelengths,  sufficient  dat*  r 

general  rn«£.^2^  £ ^^ioo  of  t ,J 

n-^trahacdttlng  Plane' Sheet  . '._  ' — 7 \^j  " l - —J  - 

■aTt^S^a ' 

■He*  C 1 Q.  v.u  r.  «**  -wie  distance  to  tue  sheet,  as  shown,  in 

fo?  oroiWy^tlod*^^  ^ 13  001  negligible  . 

proceeTuthfir e b^e^I^*d  before  we  can  . T 

obrferved  variatd on-  t ti<ms^in vsstigat ed  below;  To  explain  the 

has  an ••quiv^Sl^cS^^fLit^f  •«»•*<**  . th*  antenna  itself 

so  that  thel^Sgtoent  of  pi*  I JSil  0¥n*  which  we  ebajj.  ienote  by  f>  , >- 

*^6  w ri^Ua)  is  rfi^ardod  as  analogous' to  that  of  FI*.  i A>)/ 

. ~rt  l--  .fr  -'  ,,y  p-r  • •;-  ~ . * - - 

•■  , • / ! A.  ! f - ' - "VT. 


"J  • “> 

-~>r 


. rf  ."■• 
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• Pig.  1 Definition  of  Equivalent  Coef f ioi «ota 

s&kbsie  wssrijite 


■it r 

• 1 

r; 

i 


report  !**U  1x1  «<*“»«ctiarr  with  such  anterfoaj  j- the^SSt'r 

;.  .oounUrta  ^ - 


.aSHiSS^S2^^ 

— •“  cc«Anedto  gecaetrioaT  effects  alaoet  exclu^i^'^»,^t*^  .~ 

the^ewrU*.  there  obtained.  intended  to  i^leaant  ‘ ' ^ ; 

7 T th^r^^wSeh^  JT^U'-Sf  a dielectric^eet  near  ana****  i,  ' ^ ■ 

_ Ref ?£ J y ^ r0<^Ce  ^ or  all  of  the  effecta  r^nt.in^flN^  ' 

" . thua  contributing  to  M^et^uilw  la  ***  ~- 

- — /**f^  «a  oriontaltion  than  u^n  r adon»fr«r3S,ion  up°°  rado°* 

-.-  . /for  ^..ti^atlon  la  apl^-,n“  "itl°"  coefficxmt.  ana  th.  n..d 

••'  P*r*L*sifcl*t  rciliicft  t far *rvd. — 7 ur • a » if- 

: tr^L^r.  ‘»  i»  » auoatlon 

^ ‘h*  r— <: 

u i£S££ju.  JSss’i^r^ssfi  X 

not  toalnlmtzo  th.  raflactlon,  bu t,jZ  » "*  ‘ ' 

: !£?*  *“  to  th?  •#*>****.  ■ 


4 pV 

io  ta»^ro»^^  ^Pfi«!tl“  ilf.tae  th*°rir  0f  al,1<>ct'-l-=  ohorti  «od  utanda. 

t.  tA.r«t«n.  Hrp*t  iw  -SjS^rt^rtolnST.^” 


the  reflection  coeffid^t  can  sonetiaea  be  introduced  V adding  a decree  or 

' • • -i  ■*---**  . v-*.  ':  _ i81-l£-l  ; ’ 

\ ' •''■  ■ *- 


[.'*■  «ri  *.t  _ -•;»■ 


;‘r.r-.Ui  .*„  •; 


— — -rvtcL  ,*ae  3uJl  1 et>r.  K_^at>  «r  18 


tHw  lur^ucxfwfr  a 

•'.at.  ulbL.v'n'SlO'  JHwtTJ 


4 d*:  -i?  'JT  Vtl*|i#'i ' if.#'  1A  5 «>•'.  .-;  ; . - 

fwelviri^-^fttej-'ia  *ia  briefly  Li.  ."i3tigated,  w It;  'a  ;\;  “;ju  :•»_■:«•  o. 

3c«tt«f*£  PctcT.ation'.  ' n'heB  tr.-e  ititehna  is-traru.-it-  - ,.,'  v\,‘-ri  .i_-i«£a..  • . 

.and,  tuEaret^cki^  r^auxt^ .are^iv;m  £or  fc.;»  ratxt-o.  stfc -+-  ■•* +W  -■—  — : — 

s^eet  a*  a' fhr.ctior-  of  cu  ataifce , i-hl^ai,  mi‘a va.-l..  tow  >•  » ..•:  for 
- t>ot..» /•■•*;«  ^retoiei  anc  Frauriirofer  regions'  7 1 '-is  •'.»:.«•**:.  * har  lopi:'"'..  r:* 

''  reflection  versus  .vtouxH  a^roxiaai’e  th*-  s-*conuary. cr..et  ^u-fcrr. 

•of  in  e aatennSv  arya^-trut  • tne  icr  sUi,v  ry  . ina.-igai  s>.t  ;"  ce  ^ .buJ  ji*5* 

a^foxiinate  t*at  fcr'a  .di.ott'  - Jheje  aif  ots.dr <4# n*.v  1 kjr  :.■.•:■<  + r<  - 

are'  invest* -jjat  ea  for"  special  sirfacQS  cenalj-tiry  <x  cxrt:**oj'  ...  ,f  r r , 
*~EOTrrugab.ea  siijrfacod, ' and  *^tr4pii  ?n*  results  •-% re  a^-liV;  t .*  t.v  l.  \fc  ry 


■ c,f  fnigfiet  ci2il_fuillr’£;  ^ossuriaLrg.  -itnu  *easur«ic;.». 


•' - «••/•*  1 .:'r  ■■'  •- 


ft.  W 'uod.r'V. 
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